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Industrial Production and Utilization of 
Enzymes from Flowering Plants 


The papaya tree and barley are the only flowering plants now being 
utilized to any extent for commercial production of enzymes. The 
papaya fruit yields papain, a protein-digesting enzyme which can 
be used to eliminate or modify protein in several industries. Barley 
is germinated to malt, which contains amylase, necessary for the 
conversion of starchy materials to fermentable sugars. Malt is used 


to a great extent in the brewing and distilling industries. 


Other 


plants, for example, alfalfa, oranges and beans, are used to a minor 
extent in the preparation of enzymes for specific industrial purposes. 


SIGMUND SCHWIMMER 


Western Regional Research Laboratory, Albany, California 
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Introduction 


Use of the leaves of the papaya tree 
for tenderizing meats has been known to 
the natives of Hawaii for several cen- 
turies. The story is told that once a na- 
tive, when introduced to this seemingly 
occult phenomenon, reflected deeply and 
concluded that the leaves must contain 
some magical power which could digest 
all Being inordinately fond of 
rice, he reasoned that ingestion of co- 
pious quantities of the papaya leaf 
should increase his capacity for rice con- 
sumption indefinitely. Being a man of 
action as well as thought, our native hero 
amassed several bushels of papaya 
leaves, added them to several gallons of 
cooked rice, and then proceeded to par- 
take of this feast in the late evening in 
the quiet of a grove of papaya trees. 

When his friends came to his scene of 
repast the next morning, all they could 
find was a pile of rice in which was in- 
termingled a collection of bones. The 
rest of our hero had been digested by 
the enzymes of the leaves! 

This apocryphal tale is based upon the 
specificity of enzymes, that is, on the cir- 
cumseribed action of a particular en- 


food. 
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zyme on only one or a limited number 
of compounds of a given chemical class. 
Thus, if our unfortunate glutton had had 
knowledge of the specificity of the en- 
zymes in papaya leaves, he would have 
realized that they work only on proteins, 
not on the starch of rice. 

Animal proteins, digested by the en- 
zymes of papaya, and starch in general, 
not digested thereby, are the two great 
classes of substances acted upon by com- 
mercial enzyme preparations obtained 
from flowering plants. Papaya fruits, 
which furnish protein-digesting, or “ pro- 
teolytic ”, enzymes, and sprouted barley 
(malt), which furnishes starch-digesting 
enzymes, known as “ amylases ’’, are the 
prime sources of enzyme preparations 
from flowering plants for industrial use 
in the United States. Enzymes of both 
categories are commercially obtained 
also through the metabolic processes of 
microorganisms—bacteria, yeasts and 
other fungi—and are discussed in the 
April—June, 1951, issue of Economic 
BoTany. 


Protein-Digesting Enzymes 
Papain 


The Papaya Tree. The papaya (Car- 
ica Papaya Linn.) is a semi-woody ever- 
green tree or, more correctly, a giant 
herb growing to the height of ten to 25 
ft. The plant is usually dioecious, that 
is, with pistillate and staminate flowers 
on separate trees, although hermaphro- 
ditie forms do exist. The intersexual 
and hermaphrodite forms do not breed 
true, the seedlings generally producing a 
mixture of fruiting types. Normally the 
trunk is erect, consisting at early stages 
of growth of a single hollow shaft of 
fleshy wood. The leaves form a crown- 
ing cluster at the terminal of trunk and 
branches. The fruit of the papaya tree 
is a yellow to orange smooth-skinned 
melon, ten ounces to 15 pounds in weight. 
A number of varieties have been de- 
scribed. For further details on their 
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botanical characteristics, see the bibliog- 
raphy on a later page. 

The papaya tree thrives best at tropi- 
cal temperatures with sulicient water 
supply (rainfall or irrigation) and plant 
food (organic material or fertilizer) in 
almost any kind of well drained soil. 
Waterlogging of the ground or slight 
frost is quite injurious. The plants are 
usually grown from seed in flats or cold 
frames kept at a temperature above 
55°F., and then transplanted in rows 
about eight feet apart each way. Since 
optimum fruit production is obtained in 
orchards generally one male for every 30 
or so female plants, it is necessary to 
sow seed rather heavily and then to re- 
move excess male plants as soon as sex- 
ual types can be differentiated. There is 
an extremely short period between plant- 
ing of the seed and production of fruit. 
A tree may produce heavily within ten 
months after seed is sown, and it will 
continue to bear fruit almost continu- 
ously thereafter for about four years. 

Papaya probably originated in Mexico 
but spread rapidly during the 16th cen- 
tury to almost every tropical country in 
the world. As a result it is now culti- 
vated extensively in India, Ceylon, Ma- 
laya, East Indies, Central and South 
Africa, tropical America and Hawaii. In 
continental United States, suecessful 
plantings have been obtained only in 
Florida and the Rio Grande region of 
Texas. The tree is grown primarily for 
edible fruit in most parts of the tropics 
and sub-tropics. Only in Ceylon and 
parts of Africa, where land and hand 
labor are inexpensive, is it profitable to 
scratch the fruit and collect juice for the 
preparation of latex that contains en- 
zymes. Although the scratches heal and 
scarred fruit is edible, the operation is 
less profitable than sale of fresh un- 
scarred fruit. 

Production and Importation. A sys- 
tem of small, almost microscopic, latex 
vessels exists In every part of the papaya 


Fig. 1. 
utilization of enzymes. Upper: Papain from the skin latex of papaya fruit. Middle: Alpha- 
amylase from germinated barley (malt). Lower: Beta-amylase from malt. 
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Crystalline enzymes from flowering plants of economic importance in the industrial 
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plant. The juice in the vessels of the 
leaves, stalks, flowers, stem, bark, and 
skin of the fruit contain the active pro- 
teolytic enzymes. So far, only the latex 
from skin of the fruit is utilized for the 
manufacture of commercial papain. The 
latex is best tapped from immature fruits 
of young trees during warm weather in 
the early morning, preferably after rain. 
Incisions not over an eighth of an inch 
deep and one and one-half inches apart 
are made on each green fruit while it 
still hangs on the tree. A sharp non- 
metallic object, such as a sliver of glass 
or ivory bone, is used to make the 
scratches, since the enzymes in the latex 
are sensitive to metals. The latex, as 
it issues from the opened vessels, is a 
viscous colorless fluid which soon turns 
milky and then coagulates after a few 
minutes. The fruit can be tapped sev- 
eral times in a season before it ripens. 
Ripe fruit contains no enzyme. The 
drops of latex are collected in suitable 
non-metallic containers such as earthen- 
ware or porcelain pails. Latex coagu- 
lated on the fruit is scraped from the 
surface. It has been estimated that an 
average of one pound of latex per tree 
can be obtained. 

The latex is promptly dried. Drying 
procedures of varying degrees of com- 
plexity have been used and proposed; 
the simpler the procedure, the more the 
loss in proteolytic enzyme action. The 
simplest and traditional method, still 
widely used in Ceylon, is to sun-dry the 
latex before the day is over. Extremely 
poor and adulterated products obtained 
in the early days of shipments have been 
traced to the practice of sun-drying the 
latex at the site of the tree, and then 
bringing together the separate lots of 
dried latex from widely scattered points 
to a central shipping depot. 

An improved method of drying is to 
transfer the latex to linen or glass trays 
for oven drying. The ovens are usually 
made of brick. A suitable fire serves as 
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a source of heat, and the temperature of 
the latex, placed at the top of the oven, 
is not allowed to rise above 100° F.. 
since the active principles of the latex, 
being enzymes, are quite unstable at 
higher temperatures. 

In both of these widely practiced 
methods, the dried white-to-deep-yellow 
latex is ground or flaked and placed in 
containers suitable for shipment. It is 
the author’s personal observation that at 
best, these drying methods leave only a 
fraction of the original enzyme activity 
of the latex intact, not only because the 
enzymes are sensitive to heat and heavy 
metals, as mentioned above, but also be- 
cause in the crude form they are inacti- 
vated by the presence of oxygen. (See 
section on Chemistry and _ Action.) 
Therefore reducing agents could be used, 
except that most of them would be either 
poisonous or unpalatable. A new method 
has been developed based upon vacuum 
drying of the latex at normal tempera- 
ture, in the presence of salt, to a thick 
paste. This salted paste has been found 
to contain almost all of the enzyme ac- 
tivity of the original latex after ten 
vears. Drying the latex over sulfuric 
acid and also precipitation in alcohol 
have been proposed as methods of ob- 
taining superior products. 

The average annual yield per tree has 
been estimated as 100 gm. of dried latex. 
The dried latex represents about 0.1% of 
the weight of the fruit. 

For the most part, dried papaya latex 
(papain) shipped to the United States 
comes from Ceylon and Africa. Africa 
has been a supplier only since 1941 and 
has rapidly become the chief source of 
this material. The figures in Table I 
probably do not accurately reflect the 
total import, since large quantities of 
papain, possibly as much as one half of 
the total, are shipped under different 
names by large users of the product. 
The African supply comes mainly from 
British East Africa; Belgian Congo is 
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TABLE I 


SHIPMENTS AND Retait Prices or PAPAIN 


Pounds Dollars per lb. 


Year shipped 
to U.S.A?’ Ceylon Africa 

1911 111,111 3.33-3.33 1.444 44 
1911 Re eee 
1912 Be Vedeueass.  acav cues 
1913 Pe cece | eaten 
1932 EN ite Gie em ~ beter 
1938 ioe) = Sekacdn.  sdancaaxr 
| Aer - oo Ree 
1941 251,000 2.746-300  ......... 
1945 66,612 pe SS eer 
a See re 
1949 103,092 & So ee 
ee 0S 5.75-8.00 4.25—4.50 
as: 5.50-6.00 6.45-9.00 


‘From Papain, Annals New York Academy 
of Sciences (see bibliography). 
*From Food and Drug Reporter 


being rapidly developed as new source. 
Probably the beginning of importation 
of papain to this country was given im- 
petus by the introduction of chill-proof- 
ing of beer in 1911. (See section on 
Utilization. ) 

No restrictions are placed upon the 
shipment of crude papain to this coun- 
try. It is admitted duty-free. 

It may be of interest to point out that 
one pound of dry latex selling for about 
eight dollars can be obtained by scarring 
8000 pounds of fruit which when fresh 
can be sold perhaps for 200 to 500 dol- 
lars by the Hawaii papaya grower. This 
discrepancy accounts for the lack of any 
shipment from Hawaii. However, the 
scarred fruit can still be used for proe- 
Although, as 
mentioned before, certain parts of the 
United States can grow papaya, land 
and labor costs are too high for profita- 
ble extraction of the latex. 

Chemistry and Action. The active 
principles of papaya latex responsible for 
its value in many industrial applications 
are the proteolytic enzymes known as 
“papain” and “chymopapain”’, al- 


essing into purees, ete. 


though the commercial product, that is, 


the dried whole latex, is also called 
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“papain”. These enzymes have been 
obtained from papaya latex as pure 
crystalline proteins. They are known 
as “ proteolytic enzymes ”’, or “ protein- 
ases”’, because they catalyze the hy- 
drolysis of the peptide bonds in a protein 
molecule. The protein molecule consists 
of a chain of amino acids linked together 
by these peptide bonds. This action of 
splitting of peptides can manifest itself 
in many ways. Thus one can measure 
the release of free amino acids from a 
protein such as hemoglobin. When added 
to milk, papain or chymopapain will 
split enough peptide bonds in the casein 
to change it to paracasein which then 
combines with the ecaleium of the milk. 
This change is made manifest by the ap- 
pearance of a milk clot. It is thus simi- 
lar in its action to that of rennin which 
is used in making cheese. 

Its ability to clot milk is the basis for 
assaying the activity of dried latex. The 
latex is extracted with a suitable aqueous 
solvent and a portion is added to an ade- 
quately buffered sample of standardized 
milk. The more active the papain prep- 
aration, the shorter the time required to 
clot the milk. Although commercial 
papain is still usually sold by the pound, 
regardless of its enzymic activity, it 
should be sold on the basis of the above 
test or any other test which accurately 
reflects the proteolytic power of the 
preparation. 

Like most other enzymes, those of 
papaya latex are sensitive to changes in 
pH and to heat. The enzymes act best 
in slightly acid environment at about 
40° C. Papain is stable between pH 4- 
11, whereas chymopapain does not lose 
activity even at pH’s much lower than 
4. Chymopapain could probably with- 
stand the acidity of gastrie juice and is 
probably the component in papaya latex 
responsible for the anthelmintic prop- 
erties of papain. 

Unlike the proteinases from animal 
and microbiological sources, the enzymes 
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of papaya latex are responsive to an Oxi- 
dation-reduction environment. Ovxidiz- 
ing agents, such as oxygen, hydrogen 
peroxide, ferricyanide and dithio com- 
pounds, tend to diminish the activity of 
the enzymes, whereas reducing agents, 
such as sulfides, thiosulfates, cyanamides 
and sulfhydryl compounds, will more or 
less restore the activity, according to the 
particular circumstances. At least part 
of the reason why papaya enzymes are 
thus sensitive is that the papain mole- 
cule contains a reducing sulphydry] 
group which is essential to its activity. 

The latex itself contains considerable 
amounts of activators of papain in the 
form of sulfhydryl compounds which 
protect the enzymes against inactivation. 
However, when the latex is exposed to 
air for any considerable period, the sulf- 
hydry! group in the activator is oxidized 
to a dithio group which then reduces the 
potency of the activity of the latex. Not 
all of the original activity of the en- 
zymes in the latex can be restored by re- 
ducing agents. It is thus evident that, 
to obtain a nearer complete picture of 
the activity, the latex should be assayed 
both in the presence and absence of 
added activator. 

Under certain restricted conditions the 
enzymes of papaya latex can synthesize 
peptide bonds. 

Industrial Utilization. Since the latex 
can cause changes in proteins, it is em- 
ployed in a wide variety of industries 
where protein is either present as a con- 
taminant and must be completely re- 
moved or when the protein must be al- 
tered only, to give the resulting products 
the desired characteristics. 

TENDERIZING MEAT. As a meat tender- 
izer, papain is used in hotels and res- 
taurants, and a market is developing for 
home consumption. The commercial 
latex is usually suspended in some bac- 
teriostatie fluid, such as dilute acid or 
dilute alcohol, or mixed with salt and 
other seasoning to be sprinkled on the 
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raw meat. When a solution is used, it 
is smeared on the meat before it js 
cooked and sometimes introduced into 
the tissues by stabbing with a fork. 
After a few minutes it is cooked in the 
usual way. Both connective tissue and 
muscle fibers are slightly digested, thus 
producing a definite softening of the 
flesh. Tests have shown that the en- 
zymes always attack the meat from the 
surface and work inward. Most of the 
action occurs during the early part of 
the cooking before the temperature of 
the meat rises high enough to destroy the 
enzymes. As a rule, papain need not be 
in an activated state, since the muscle 
proteins of the meat, when heated, de- 
velop a reducing action in the form of 
reducing sulfhydryl groups which then 
activate the applied papain.  Papain 
may also be employed in the meat indus- 
Meat 
is treated extensively with papain to 
provide valuable nutrient media for 
various kinds of bacteria. These amino- 
acid-rich digests may also find use in 
easily digestible dietary formulations. 
Digestion of tuna fish liver with papain 
causes it to yield more oil (containing 
several times concentrations of vitamins 
A and D.z) than ean be extracted with- 
out papain. 

CLARIFYING BEER. In the manufacture 
of beer, ground malt is taken through an 
extraction procedure. The resulting ex- 
tract is then boiled, resulting in, among 
other things, precipitation of most of the 
protein. However, a trace of protein 
(about one part per million) does some- 
how manage to get through the process- 
ing into the final product. This trace of 
protein happens to be less soluble in the 
slightly acidified environment of the 
beer than previously and is manifested 
by an undesirable cloudiness when the 
beer is refrigerated. This “ chill haze” 
‘an be eliminated by addition of papain 
at any time after the extracted malt 
(wort) is boiled. 


try to tenderize sausage casings. 
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BATING HIDES. Papain is used exten- 
sively in the leather industry. Freshly 
obtained hides and skins are first treated 
with preservatives for storage. After a 
preliminary soaking, the hides are 
treated to loosen the hair so that it can 
be easily removed by mechanical means. 
The most common method is to use lime. 
Less frequently employed is the old 
method of ‘ sweating ” whereby the epi- 
dermal layer is, as it were, rotted away 
by putrefaction. Proteolytic enzymes, 
including papain, have also been used as 
dehairing agents. When the dehairing 
is accomplished by “ liming ”’, it is neces- 
sary to delime with mineral acid. Then 
the hide or skin is ready for the bating 
process. Bating is necessary in prepara- 
tion for subsequent tanning. The bating 
used to be accomplished by soaking the 
hides in a suspension of dog or pigeon 
dung. A much better product can be ob- 
tained by bating with proteolytic en- 
zyme, papain being used quite exten- 
sively. The modifications brought about 
by bating are quite complex, but it is 
believed that the papain hydrolyzes co- 
agulated and adsorbed epidermal resid- 
ual protein, thus releasing traces of lime 
not liberated by the deliming process. 
Also, digestion of the cells responsible for 
excretion of grease allows emulsification 
and removal of the grease. This diges- 
tion also partially hydrolyzes small 
amounts of elastin and collagen, and 
thus probably aids the subsequent tan- 
ning process. Here the papain acts si- 
multaneously in the two roles assigned 
to it above, as an agent for removal of 
protein, on the one hand, and for the 
alteration of protein, on the other. 

TEXTILE AND LAUNDERING INDUSTRIES. 
Shrinkage of woolen cloth is due in part 
to felting of the fibers. Felting, without 
ruining the wool, can be eliminated by a 
controlled mild treatment with papain 
and bisulfite solution. This treatment 
can be applied advantageously to raw 
silk fiber. The fiber is degummed and 


FLOWERING PLANTS 105 


the resulting silk fiber is made non- 
felting. 

Papain has been proposed as a clean- 
ing agent in laundering, dry cleaning and 
re-dyeing. It has been found to be quite 
useful in the latter two cases. Digestion 
of even traces of protein in the garments 
seems to aid in the riddance of grease 
and other dirt. 

PHARMACEUTICAL AND MEDICAL.  A\l- 
though not used in great quantities, 
papain has been utilized for the treat- 
ment of a large number of ailments. It 
Was first imported into this country as 
an aid to digestion and for the treatment 
of dyspepsia. It is known to have been 
used as early as the seventeenth century 
as an effective anthelmintic, especially 
for intestinal worms such as ascarids. 
It has also served in the treatment of 
chronic and infantile diarrhea; esophagal 
obstruction; diphtheria; various skin 
lesions including eczema, psoriasis, ring- 
worm and freckles; certain types of in- 
fertility; sloughing of wounds; and pre- 
vention of peritoneal adhesions. 

DAIRY INDUSTRY. Cheese can be made 
with papain instead of rennin as the 
milk-coagulating agent. The resulting 
product is quite soft as compared to 
cheese from rennin-treated milk, proba- 
bly because papain acts more profoundly 
on the casein than rennin does. 


Other Flowering-Plant Proteolytic 
Enzymes 


Many plants besides papaya contain 
considerable quantities of proteolytic 
enzyme, but none of these has been com- 
mercially exploited. Those which are 
activated by reducing agents are classi- 
fied as papainases. The enzyme of 
Pileus mexicanus and Cucurbita pepo L. 
(pumpkin) does not belong to this class. 
Insect-eating plants, e.g., pitcher plant 
(Sarracenia purpurea L.) and sundew 
(Drosera rotundifolia), contain protein- 
ases which digest the bodies of captured 
insects. 
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TABLE II 


PROTEINASES IN 
Common name 


Scientific name 


Carwa papaya 
Ficus caria 


Papaya 

Fig 
Pineappk 
Milkwe ed 
Caper 
Soybean 
Cuaguayote 
Horse Nettle 
Jabillo 
Osage Orange 
Peanut 
Pumpkin 
Pitcher plant 
Sundew 


Anana sativa 
Asclepias mexicana 
Euphorria ce rofe ra 
Soja hispidus 

Pil us Me ricanus 
Solanu mn ¢ le agnifoliu m 
Hura cre pitans 

V aclura pumefe ra 
Arachis hypoge a 
Cucurbita pe po 
Sarracenia purpurea 
Drosera rotundifolia 


' Taken in part from Che mistry and T chnology of Enzyme 


Bromelin, in the form of pineapple 
juice, has been used to a limited extent 
in softening sausage casings and in the 
preparation of meat jelly. This enzyme 
is the active agent in the old-time use 
of pineapple juice for 
throat ” and is also the reason raw pine- 
apple juice cannot be used to make gela- 
tin dessert. The Department of Agri- 
culture has developed what may be an 
economically for 
taining bromelin from the peeling and 
cores of pineapple fruit. In the process 
of canning pineapple such material is 
subjected to increasing amounts of pres- 
sure to yield eventually a poor-quality, 
non-potable juice containing sugar, citric 
acid and bromelin. The bromelin is pre- 
cipitated with aleohol which is then dis- 


‘clearing a sore 


feasible method ob- 
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Enzym«¢ Parts of plant 


Papain 


Papain Latex 

Ficin Latex 

Bromelin Fruit, leaves 

Asclepain Latex ~ 
Euphorbain Latex 


Soyin 
Mexicain 
Solanain 
Hurain 
Pomiferin 
Arachain 


Sprouts 

Leaves, fruit 

Fruit ~ 
Sap 

Fruit - 
Seed - 
Fruit 

Flower 

Flower 


s, pp. 174-175. (See bibliography.) 


tilled off. The sugar remaining is next 
fermented, producing more alcohol which 
in turn is removed by another distilla- 
tion. Bromelin preparations, in contrast 
to those of papain, have a pleasant odor. 

The juice of the fig (Ficus carica L.) 
has been used in cheese making and as 
an anthelmintic. It is rich in a papain- 
ase known as “ ficin ” 


Starch-Digesting Enzymes 
Barley Amylases 


Production. From the standpoint of 
economics, acreage and volume of pro- 
duction, the barley plant far outstrips 
any other flowering plant as a source of 
enzymes for industrial use. Table III 
summarizes the statistics on the acreage 


TABLE II] 


PRODUCTION 


OF BARLEY 


Year Acreage Bushels Dollars Bushels per acre Cents per bushel 
1000 acres 1000 1000 
1921-1925 7,210 160,478 93 500 22.3 58.3 
1926-1930 11,262 263,142 144,125 23.4 54.8 
1931-1935 10,608 211,714 77 607 20.0 36.7 
1936-1940 11,034 243,144 113,228 22.0 16.6 
1941-1945 13,780 331,575 266,911 24.1 80.5 
1950 11,153 303,533 357 258 27.2 118.0 
1951 9391 254,680 315,800 27.1 124.0 


Statistical Abstracts, U.S.A., 1952 
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TABLE IV 


Masor Baritey-Propucine States (1950) ’ 


State Acreage Bushels 


1000 acres 1000 bushels 


California ....... 1,765 60,010 
mm. EPAROUR 2.2.0 2,146 51,504 
Minnesota ...... 1402 38,555 
Montana ....... 852 23,430 
- SPOROtR 2... sss 1,148 18,942 
Ss aise $24 14,840 
ee 337 10,784 


‘Statistical Abstracts, U.S.A., 1952. 


total production, yield per acre and 
value of barley from 1921 to 1925 in the 
United States. Table IV lists the first 
seven States in order of barley produc- 
tion in 1950, a highly productive year. 
In 1951, 546,853,000 pounds of malt were 
used in the United States in the produc- 
tion of ethyl aleohol and other distilled 
spirits. In 1947 there were 53 establish- 
ments manufacturing malt and employ- 
ing 2,524 people. It should be empha- 
sized at the outset that for the brewing 
industry, many factors besides enzyme 
content arising from the germination de- 
termine the suitability of malt for use 
in preparation of beverages. However, 
the presence of relatively large amounts 
of starch-hydrolyzing enzymes is essen- 
tial in the brewing and especially the 
distilling industry. 

Since this paper is concerned with pro- 
duction of enzymes for commercial pur- 
poses, we shall confine our attention to 
those aspects of malt associated with 
starch-hydrolyzing (diastatic, amyloly- 
tic) ability. 

Barley Plants. Although considered a 
minor cereal, barley (Hordeum vulgare 
L.) is probably the oldest cultivated 
cereal and is said to have originated in 
southern Asia and North Africa. In 
common with other members of the grass 
family (Gramineae), the wall of the fruit 
or grain (karyopsis) is fused with the 
ovary wall to form the husk. It is an 
annual plant, two to three feet in height. 
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Three sessile spikelets of the head com- 
prise the inflorescence. The grains re- 
main enclosed in a husk. 

The varieties of Hordeum vulgare 
form two well-defined groups, the six- 
rowed (hexastichon) and the two-rowed 
(distichon) varieties. This is because 
in the latter the outer spikelets are ster- 
ile. In the United States the varieties 
grown chiefly for malting in the North 
Central States are the six-row types, 
such as Manchuria, Oderbrucker, Wis- 
consin No. 38 and Odessa. Manchuria, 
Odessa and QOderbrucker are rough- 
awned, whereas Wisconsin 38 is smooth- 
awned. The aleurone layer of Oder- 
brucker and Wisconsin 38 is white, that 
of Manchuria and Odessa is usually 
mixed blue and white. Wisconsin 38 has 
a wrinkled husk with a crease on the 
dorsal side. Mediterranean or Coast 
(six-rowed) types, such as Atlas, are 
grown in California. Before the war al- 
most all of the Atlas barley was exported 
to British breweries. The two-row types 
raised in the United States are Hannchen 
and Hanna, grown mostly in Oregon and 
other Northwest States. Both Atlas and 
Hannechen are used extensively by West 
Coast malting houses. European barley 
is exclusively of the two-rowed variety. 
In general, the two-rowed variety con- 
tains less diastatie power than the six- 
rowed variety. However, the diastatic 
activity, as well as other facets of chemi- 
cal composition of the malted barley, 
depends upon a complex of factors other 
than variety. Thus in one study it was 
found that increasing the amount of 
nitrogen fertilizer, a supply of adequate 
potassium in the soil, and the oecurrence 
of rain in the latter part of the season 
caused an increase in the amount of en- 
zymes in the malt made from the barley. 
Late application of fertilizer resulted in 
barley which germinated to give a low 
diastastic malt. 

Malting. One of the principal pur- 
poses of malting is to increase the 
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amount of available amylases in the 
barley. Six main steps have been dis- 
tinguished in the production of malt 
from barley: (a) selection; (b) sizing; 
(c) steeping; (d) germinating; (e) kiln- 
ing; and (f) cleaning and binning. 

In selecting barley for malting, the 
selection depends upon its ultimate use. 
Thus most European brewers prefer a 
two-rowed barley because most Euro- 
pean beers are brewed with malt as the 
source of both amylase and_ starch. 
Hence, low diastase malts are preferable. 
The American brewer adds such adjuncts 
as rice and corn, thus diluting the dias- 
tase activity of the mixture used in 
brewing. Hence a fairly high diastatie 
malt is required. At the other end of 
the scale, the distiller wishes as high an 
amylase content as possible so that as 
little malt will be used as is compatible 
with maximum yield of aleohol from the 
fermentable sugars produced 
static action. 

An important factor in selection of a 
given lot of barley is its germinative po- 
tential, since this will be the limiting 
factor in the eventual amount of total 
amylase developed. The germination 
test is usually conducted on a relatively 
small number of grains on a small lab- 
oratory scale. The percentage of grains 
which will sprout (7.e., the germination 
capacity of the barley) is an important 
factor in evaluating barley quality for 
malting. Recent enzyme tests for ger- 
mination capacity have been developed 
which depend upon the ability of the 
barley to reduce and thus change the 
color of certain dyes. This ability is due 
to a complex series of enzymatic inter- 
actions within the barley grain, aad 
hence measures the viability of the grain. 


by dia- 


The tests can be performed in a few 
hours, and results are well correlated 
with germination capacity. The ger- 


mination test requires several days for 
an answer. 
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Other factors entering into the selee- 
tion of barley are moisture and protein 
content, and uniformity of a given lot 
with respect to variety. 

A given year’s supply of barley is 
harvested with a few months; hence the 
necessity of providing adequate storage 
Furthermore, a ‘ tempering” 
period between harvesting and malting 
is required to obtain high germination 
capacity. 


space. 


Sorting the stored barley according to 
size under most systems of grading re- 
sults in The first two 
(large size) grades are used for brewer's 
malt. Small grains (8rd grade) are 
made into distiller’s malt, and the fourth 
grade, consisting of broken and imma- 
ture kernels, is used for animal feed. 
The reason the smaller kernels are used 
by the distiller is that, weight for weight, 
they contain a greater amount of en- 


four grades. 


zyme, although the enzyme content per 
grain is independent of grain size. 

The sorted barley grains are then 
steeped in water at 50 to 60° F. for two 
to three days. This steeping process 
washes off soil and most of the micro- 
organisms, introduces water to the ex- 
tent of 40-45% of the weight of the 
grain and eliminates minute amounts of 
a naturally occurring chemical which in- 
hibits sprouting. 

The steeped kernels are then placed 
in a rotary drum revolving at one to 
two revolutions per hour. Clean, mois- 
ture-saturated air at 50-60° F. is passed 
through the mass of grain continuously, 
and water is added at frequent intervals 
to prevent moisture loss. Germination 
is evidenced by the appearance of a 
white cap at the base of the kernel. 

After five to six days, when the de- 
veloping rootlets and acrospires have ob- 
tained a length equal to that of the 
grain, the “green” malt is transferred 
to a malt kiln to remove excess moisture, 
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thus stopping germination without de- 
stroying the amylolytic activity. De- 
tails of the changes of the amylolytic 
enzyme during these steps will be dis- 
cussed below. 

Chemistry, Action and Development 
of Amylolytic Enzymes. The amylo- 
lytic system of malt compromises two 
major components, alpha- and 
amylase, and one minor component, limit 
dextrinase. Pure alpha-amylase is a 
tyrosine-and-calcium-containing erystal- 
line protein, unstable to low pH, eal- 
cium-sequestering chemicals, oxidizing 
agents and relatively high temperature. 
Impure preparations of alpha-amylase 
are quite stable to relatively high tem- 
peratures (158° F.), in contrast to beta- 
amylase which is quite unstable to heat 
but is stable to low pH. Pure beta- 
amylase is also a crystallizable protein, 


beta- 


containing tyrosine and _— sulfhydryl 
groups. 
When = alpha-amylase hydrolyzes 


starch, there is a rapid decrease in vis- 
cosity and production of dextrins which 
are then further broken down to oligo- 
saccharides. When acting on the amy- 
lose component of starch (which consti- 
tutes 20-30% of most starches) the amy- 
lase further hydrolyzes these “ normal 
dextrins ” eventually to sugars contain- 
ing one, two and three glucose residues, 
although at a much slower rate. When 
alpha-amylase acts on amylopectin, the 
branched component of starch, the re- 
sulting “limit”? dextrins contain link- 
ages which prevent complete degradation 
of amylopectin to fermentable sugars. 
It may be noted parenthetically here 
that some malts apparently contain a 
“limit dextrinase”” enzyme which can 
hydrolyze these limit dextrins further to 
fermentable sugars. 

Beta-amylase acts on amylose by hy- 
drolyzing it completely or almost so to 
the fermentable sugar maltose, whereas 
only about half of the amylopectin is 
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converted to maltose by this enzyme. 
The so-called beta-limit-dextrin which 
remains will be further broken down to 
small sugars by alpha-amylase and 
limit-dextrinase. 

A generalization of the enzyme 
changes which occur in the history of 
an average barley kernel is depicted in 
Fig. 2. The values are not absolute but 
show the general trend’ of the develop- 
ment of alpha- and beta-amylase along 
with the relative dry-weight changes per 
kernel at various stages. The chart is 


ALPHA- | BETA- DRY 

AMYLASE | AMYLASE | WEIGHT 
(SOLUBLE) 

KERNEL 

APPEARS | 

EARLY DOUGH LLL 

LATE DOUGH VILL «WLLL 

RIPE NING VB VL 

STEEPING ZZ LLL 

MALTING VILLA LLL «WLLL 

KILNING VLLLLNLLLLs“«<SCWLL 

MASHING ZLLSC«*‘YNY 4 

LAUTERING Lzza B&B 

BOILED WORT 


Fic. 2. Depicting the fate of the amylases 
in an average barley kernel during growth, 
ripening, malting and utilization in the brew- 
ing industry. See text for details. 

a composite of some recent results which 
have appeared in the literature. First 
to be noted is the extremely small but 
constant amount of alpha-amylase dur- 
ing development of the kernel. At the 
extremely early stages of development, 
the ratio of alpha- to beta-amylase is 
comparatively high and the dry weight 
is quite low, so that these kernels re- 
semble a weak malt with respect to their 
amylase contents. During the early 
dough stage most of the beta-amylase in 
water-soluble form is elaborated, the 
rate of elaboration being much greater 
than the rate of increase in dry weight. 
As the deposition of solids approaches 
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completion (stiff dough stage), the water 
content decreases and the quantity of 
soluble beta-amylase starts to decrease. 
Thereafter no more beta-amylase is 
manufactured and the total amount of 
the enzyme (soluble plus insoluble) re- 
mains about the same while the grain 
dries out. During the ripening of the 
grain about two-thirds of the beta-amy- 
lase is rendered insoluble. The beta- 
amylase is fairly evenly distributed be- 
tween the distal and basal ends of the 
barley kernel. 

The ripened barley, after being 
shipped to the malt house, is ready for 
the “pre-soak” or steeping, as men- 
tioned above. Although increasing the 
water content to about 40 percent, steep- 
ing does not change the amylase content. 
Subsequent germination activates the 
scutellum (a secreting organ between 
endosperm and embryo) to secrete large 
amounts of soluble alpha-amylase. The 
dry matter of the kernel decreases, being 
used as an energy source for the actively 
metabolizing kernel, and most, but not 
all, of the insoluble beta-amylase again 
becomes active and soluble. The time of 
germination is the most important single 
factor for the development of alpha- 
amylase, whereas moisture content pri- 
marily determines the  beta-amylase 
level. Neither amylase is _ affected 
greatly by addition of plant growth 
regulators. Kilning again changes the 
relative amounts of alpha- and _ beta- 
amylase. When the kilning is performed 
by simple drying in a current of warm 
air, about one-fifth of the total diastatic 
activity is lost, most of the loss being 
of beta-amylase. By allowing the mois- 
ture content to remain high at relatively 
elevated temperatures and by drying 
more rapidly towards the end of the 
kilning, it is claimed that the apparent 
alpha-amylase activity can actually be 
increased. 

Malt also contains significant amounts 
of protein-hydrolyzing enzymes similar 


BOTANY 


to papain which play a role in the trans- 
formations of interest to the brewer. 


Other Flowering-Plant Sources 
of Amylases 


Soybeans, sweet potatoes and the 
grains of barley, rye and wheat have also 
been used, at least on an experimental 
basis, as industrial sources of amylases. 
None of them, however, even approaches 
the eminence of barley in this field. 


Industrial Utilization 


BREWING INDUSTRY. The use of amy- 
lases of malt in the brewing industry has 
been succinctly expressed: “ The essen- 
tial feature of the main malting and 
brewing processes is enzymatic activity, 
which is a dynamic interplay of enzyme, 
substrates and end products”. (See 
Meredith and Wilson, 1952). 

The kilned malt, after being trans- 
ported to the brewery, is ground and 
transferred to mashing tanks or cookers 
and then mixed with water and such ad- 
juncts as corn, milo, wheat, rice and soy- 
beans ground into grits, meal, flour or 
flakes, or used as a sugary syrup. A 
typical mixture may contain 65% malt 
and 35% adjunct. The temperature is 
then raised to 120 to 150° F. to gelatin- 
ize all the starch present and hasten the 
action of the enzymes. It is generally 
agreed that alpha-amylase, because of 
its heat stability and more profound ac- 
tion on the amylopectin fraction of 
starch, is the effective enzyme in con- 
verting starch to fermentable sugar. 
Beta-amylase supplements the action of 
alpha-amylase in the early stages of 
mashing. Completion of this sacchari- 
fication is signaled by disappearance of 
the blue color formed when a sample of 
the mash is added to iodine. The nature 
of the sugar finally formed is dependent 
mainly upon the temperature. The tem- 
perature range of mashing greatly af- 
fects the composition of the end-prod- 
ucts of starch hydrolysis by the amy- 
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lases. Thus if the temperature is raised 
quickly to the higher limits of mashing 
temperature, as is done in the manufac- 
ture of beers of low alcoholic content, 
beta-amylase exerts little influence be- 
-ause of its heat instability, and the final 
mash contains a large proportion of dex- 
trin and relatively small amounts of fer- 
mentable sugars. In the presence of ad- 
junets the mashing temperature range 
must be quite broad, starting at about 
50° C. The fate of the amylases in sub- 
sequent brewing operations is depicted 
in Fig. 2. 
The proteolytic enzyme developed 
during the malting process serves two 
main functions in subsequent operations 
in the manufacture of beer. It modifies 
the soluble protein of the malt and ad- 
juncts so that the final beer contains a 
minimum of protein that causes haze, 
and enhances such properties of beer as 
colloidal stability and foaming. Sec- 
ondly, the papain-like enzyme of malt 
converts some of the protein to amino 
acids which then act as a source of avail- 
able nitrogen for the yeast which is sub- 
sequently added to the boiled malt. 
DISTILLING INDUSTRY. The distilling 
industry is mainly concerned with the 
preparation of beverages of high aleo- 
holic content (although considerable 
quantities of industrial aleohol are 
manufactured) by distillation of fer- 
mented malt-converted mash. In both 
operations the desirable aim is to con- 
vert as much of the starchy raw material 
used to as much fermentable sugar as is 
theoretically possible, with a minimum 
amount of malt or other amylase-con- 
taining material, such as the fungal 
amylase of moldy bran. As mentioned 
before, to accomplish this the malt used 
must have a very high amylase content. 
A typical “grain bill” will contain 
about 10% malt and 90% corn or wheat. 
In actual practice 10% to 20% of the 
total malt used plus the crushed grain is 
heated in a water suspension to about 
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50° C. This “ pre-cook ” causes a pre- 
liminary liquefaction of the starch of the 
grain. The temperature may then be 
raised further for pressure cooking, or 
the mashing may be allowed to proceed 
at about 66° C. at atmospheric pressure. 
The liquefied mash is then cooled to 
conversion temperature of about 52° C., 
and the remainder of malt is added, 
completing the conversion to fermenta- 
ble sugars. For the preparation of in- 
dustrial aleohol, most of the malt ean be 
replaced by fungal amylase. 

TEXTILE INDUSTRY. Amylases are em- 
ployed both directly and indirectly in 
the textile industry. Indirectly they are 
used to prepare modified starches and 
dextrins for use as sizing agents. Ap- 
plication of sizing to yarn before spin- 
ning causes smoothing-out of the yarn 
by matting down the small broken fibers 
which are not parallel to the axis of the 
yarn. Sizing also increases tensile 
strength. Both actions make subsequent 
spinning of the yarn easier. Starch is 
added to sizing of heavy-weight fabrics 
also to “hold” the large quantities of 
salts which are added to the fabrie for 
this purpose. Amylases are employed 
directly as desizing agents in the textile 
industry. The presence of starch inter- 
feres with the bleaching and dyeing op- 
erations. The amylase preparation di- 
gests the starch in the sizing which can 
then be easily removed by gentle rins- 
ing. These preparations are supplied to 
the textile industry either as a concen- 
trated extract of malt or as a powder. 
Commercial preparations from pancreas, 
bacteria and molds are also available as 
desizing agents. 

BAKING INDUSTRY. Malted wheat con- 
taining amylases is added to doughs to 
produce sugars from starch for the yeast 
to act upon during the early stages of 
baking. The flours are usually malted 
to a level slightly below that required 
for adequate gas production under av- 
erage baking conditions. Besides pro- 
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ducing fermentable sugars, the amylases 
of wheat malt also affect the physical 
properties of the dough during baking. 
OTHER USES. Malt amylase prepara- 
tions can be and actually are employed 
in the industries noted in the previously 
mentioned article on enzymes produced 
by microorganisms, but in many in- 
stances they are being replaced by the 
less expensive microbial preparations. 


Other Commercial Enzymes from 
Flowering Plants 

The beans of castor-oil plant (Ricinus 
communis L.) contain relatively large 
amounts of a fat-hydrolyzing enzyme 
(lipase) which has been proposed for 
use in laundering and dry cleaning for- 
mulations, in the concentration of fat- 
soluble vitamins in the fish oil industry, 
as a bating aid in the leather industry, 
and in the ripening of cheese. The plant 
is not, however, grown for its enzyme 
content, and these applications have not 
found widespread use as yet. 

Pectin, the carbohydrate in many 
fruits, consists of galacturonic acid in 
which the carboxyl groups are methy- 
lated. Although pectin itself is used 
widely for the setting of gels in media 
of high solids contents such as jellies, 
solutions of low solids content will set 
only with demethoxylated pectin, or pec- 
tie acid. This low-methoxyl pectin has 
been used as a gelation agent for dia- 
betic ice cream, canned tomato aspic, 
custards and other non-gelatin gels, and 
to eliminate the stickiness of the surface 
of a variety of food products such as 
‘sandied fruit and salted oily nuts. Low 
methoxyl pectin has been made enzy- 
matically with the enzyme pectinesterase 
obtained from the seed of alfalfa (Medi- 
cago sativa L.), the rind of orange (Cit- 
rus sinensis (L.) Osbeck) and from to- 
mato (Lycopersicon lycopersicon L.) 

Pectin, as prepared from citrus, may 
carry along with it considerable amounts 
of the glucoside naringin, the bitter 
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principle of citrus fruits. This may be 
removed from the pectin by adding a 
glucosidase preparation from the leaves 
of the tree Citrus decumana. This glu- 
cosidase hydrolyzes off the glucose, ren- 
dering the hydrolyzed naringin non- 
bitter. 

Urease, the enzyme which converts 
urea into carbon dioxide and water, is 
available commercially. Urease is pre- 
pared from the jack-bean (Canavalia 
ensiformis). It is used mostly as a 
chemical reagent in analytical labora- 
tories for the determination of urea. 
Soybean (Glycine soya L.) is the source 
of an enzyme preparation used widely 
in the baking industry for the bleaching 
of flour. This whitening effect is brought 
about by the enzyme lipoxidase in the 
soybean preparation. Lipoxidase cata- 
lyzes the destruction (through oxida- 
tion) of the colored carotenoids, such as 
carotene, of the flour. This commercial 
preparation also contains a considerable 
amount of a heat-stable beta-amylase 
which probably influences the baking 
process. 
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Abstract 


from the stem surfaces of three or four 
(according to the authority accepted ) species 
of reed-like plants growing in the arid regions 
of northern Mexico and the Big Bend of 
Texas—Euphorbia cerifera (=E. antisyphi- 
litica?), known as “ candelia”; and Pedil- 
anthus pavonis and P. aphyllus, together 
referred to as “ jumete”’. It is commercially 
obtained, so far at least, only from wild 
plants and is consumed in relatively large 
amounts in the production of polishing mate- 
rials and chewing gum; also in thermoplastic 
compositions for casting patterns and as an 
ingredient in some two dozen other industrial 
products. 

For the purpose of providing useful infor- 
mation to those who may be interested in 
the further exploitation of candelilla, the 
technology of the wax and many other im- 
portant aspects of this plant product are 
discussed in this Bulletin. (P.M. Daugherty, 
H. H. Sineath and T. A. Wastler, Ga. Inst. 
Tech., Eng. Exp. Sta., Bull. 15(12). 1953; 
also marked “ Bulletin No. 16°"). 


Kaivun Fibre 


Attention is directed in this article to the industrial 
possibilities latent in kaivun, unexploited as yet but long 
a useful native fibre of India. 


Kk. M. SEBASTINE 
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Kaivun fibre is perhaps the most im- 
portant soft fibre available naturally in 
Travancore, 8. India. It is derived from 
Helicteres isora L.., per- 
ennial shrub indigenous to the region. 
In the local language, Malayalam, the 


an arborescent 


plant is known as “kaivun” and 
“edampiri-valampiri’’; in Tamil as 
“kaiva”. The author undertook a 
study of the various aspects of this 


plant, its distribution in Travancore, 
habit and habitat, growth, ecology and 
the possibilities of cultivation. Experi- 
ments were conducted in the process of 
retting and extraction of fibre. 


History 

Kaivun fibre was the only one in 
popular use in the villages of Travan- 
core in olden days. Till as recently as 
the year 1920, the kaivun fibre industry 
was thriving in some parts of the State. 
Certain communities in the villages were 
engaged in retting the fibre and weaving 
bags and canvas. The bags were known 
as “oorupa”’ and “nelpattu” (nellu 
paddy, pattu=cloth receptacle), and 
they were the most important receptacle 
for carrying dried paddy grains, dried 
pepper and other such things. The can- 
vas was used as verandah blinds known 
as “viries”. In those days it was : 
very profitable industry carried on in a 
crude way. Spinning and weaving were 
done by hand. Those bags and canvas 
were found to last many years. 
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During the early part of this century 
Mr. A. M. Sawyer (Indian Review 1: 
5. 1909) wrote an account of the kaivun 
fibre industry in Travancore. Messrs. 
W. H. Harton and Co., Caleutta, re- 
ported (1911) that Helicteres isora fibre 
is like China jute and South African 
jute. The Imperial Institute, London, 
examined (1917) a sample of Helicteres 
isora fibre sent by the Forest Economist 


in Dehra Dun and _ remarked that, 
though the fibre was satisfactory in 
chemical composition, it was poor in 


strength. At Dehra Dun, also the cellu- 
lose expert made studies on retting the 
fibre. 

As the cultivation of jute became im- 
portant and the factory production of 
gunny bags assumed a greater trend in 
Bengal, there was no need to look to any 
other source of fibre. Jute bags became 
very cheap throughout India. Kaivun 
bags woven by hand could not compete 
with manufactured jute bags. Thus the 
small cottage industry in kaivun fibre 
slowly died out in Travancore. 


Nomenclature 


The genus Helicteres belongs to the 
family Sterculiaceae and comprises 
seven species. In Hooker’s Flora of 
British India, this genus is divided into 
two sections: 

Section I. Spirocarpaea—ripe carpels 
spirally twisted. One species, Helicteres 
isora L., consisting of two varieties: 
tomentosa, under side of leaves tomen- 
tose; glabrescens, under side of leaves 
nearly glabrous. 
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Section II. Orthocarpaea—ripe carpels 
straight without spiral twisting. Six 
species. 

Botanical Descriptions 

Helicteres isora L. is a large perennial 

shrub with cylindrical 
It grows generally to a height 
of five to 15 feet with a stem diameter 
of one to two inches. 


arborescent 
branches. 


Leaves alternate, simple, ovate, obo- 
vate or obliquely cordate with serrated 
margin, pubescent or nearly glabrous 
beneath, three to five nerved, the reticu- 
late venation prominent on the lower 
side. 

Flowers red or orange-red, solitary in 
the axils of leaves or in sparse fascicled 
clusters; one and one-half to two inches 
long, one-half to one inch across, zygo- 
morphic. 

Calyx tubulous, five-toothed. 

Corolla parts five, equal or unequal, 
the two lower petals larger. 

Staminal column adnate to the gyno- 
phore, five-lobed, anthers ovate, five to 
ten, in groups at the top of the column 
between the lobes; anther-cells divergent 
sometimes confluent. 

Ovary at the top of the column, five- 
lobed, five-celled; ovules many in each 
cell. Styles five, more or less united. 
Seeds very small, diamond-shaped; al- 
bumen scanty, the leafy 
folded round the radicle. 


cotyledons 


Distribution 


Helicteres isora 1., is distributed all 
over the slopes of the Western Ghats of 
S. India, in Central and Western India. 
The variety glabrescens Mast. occurs 
wild as an undershrub in the forest area 
in Travancore up to an elevation of 
3,000 feet. The plant is widespread in 
over 30,000 acres of the forest area 
covering portions of Aryankavoo, Eda- 
palayam, Ayappankovil side of Naga- 
rampara, portions of Karikattoor, Ala- 
pura and Konni Reserve. It is also 
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found as a thick undergrowth in certain 
areas of the Konni teak plantations. 


Conditions Required for Growth 

Kaivun well in places 
where there is an annual rainfall over 
120 inches for a period of four to five 
months (May—November) a year. 

A rich humus 
proper growth. 
devoid of 
stunted, much 
thin bark. 


grows very 


soil is required for 
In sandy and laterite 
humus the plant is 


branched and has very 


soils 


Possibilities of Cultivation 


In the past, as already indicated, 
kaivun was cut from the open forest for 
extraction of fibre. The plant was never 
cultivated. The author has cultivated 
the plant and observed the 
stages of growth. 


various 


Dry seeds were collected and germi- 
nated in the nursery. A bed of rich hu- 
mus soil was prepared for the reception 
of the seedlings. Transplanting took 
place in the middle of May just as the 
monsoon started. The seedlings were 
planted two to three feet from one an- 
other. In another place seedlings were 
set 20 feet apart. From a study of the 
growth of the plant in the wild areas it 
was seen that those which were growing 
at smaller distances from one another 
produced branches from the base of the 
main stem and grew straight without 
further branching. Isolated bushes 
grew very large and were very profusely 
branched. 

The seedlings grew very vigorously. 
As‘they completed one year of growth 
the main stem had a diameter of one- 
half to three-fourth inch and attained 
four to seven feet in height. Before the 
monsoon started in May of the second 
year, farm manure was added to the 
soil. Quick growth was noticed and dur- 
ing the following November a few of the 
vigorously growing plants produced 
flowers. The fruits became ripe by 
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March. At the end of the second year 
of growth the stem grew to three-fourth 
to one inch in diameter and seven to 12 
feet in height. 

The experimental cultivation, namely 
those plants set out two to three feet 
apart, produced long straight cylindrical 

from the whereas the 
planted ones profusely 
Thus the distance of plant- 


branches base, 
widely 
branched. 
ing is important as it affects the quality 


were 
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Structure of the Fibre 


The fibre is botanically regarded as a 
fibre. The length of the staple 

from four to feet. Each 
filamentous strand of fibre is composed 
of cells with overlapping ends. 


bast 

varies seven 
The size 
of these cells varies considerably, the 
length from 1700-2200 » with a mean of 


1920 », and the width from 11-22 » with 
a mean of 17 p. 
In the bark the fibre cells are ar- 


Left: Kaivun fibre stripped after retting (x 3) 
Right: Canvas woven from kaivun fibre (x }) 


of fibre, the best fibre being obtained 
from long straight branches. 

During May of the second year the 
stems were cut three inches above the 
soil surface. After a few days the 
stumps produced new buds on all sides. 
These buds were found to grow well 
during the subsequent rainy season and 
they in turn could be cut after 22 
months of growth. 

It is thus shown that kaivun can be 
successfully cultivated for yearly cutting 
and extraction of fibre. 


ranged in the phloem region in a series 
of zones alternating with zones of soft 
tissue. 


Extraction of Fibre 


The old method of retting the fibre 
was by keeping the cut stems submerged 
under water in a stream or pond for 18 
to 24 days. The author adopted the 
same principle in retting and extraction 
of the fibre. 

Stems cut at various stages of growth, 
six months, one year, one and one-half 
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and two 


two 
were used for retting the fibre by way 


years, years over years 
of experiment. They were cut in three- 
foot lengths, tied in bundles and sub- 
merged in water in a tank. The water 
was changed frequently to keep the fibre 
clean and white. It took 15 to 22 days 
for retting. The younger stems retted 
earlier than the older ones. When the 
retting was complete the bundles were 
taken out and the fibre was stripped by 
hand from the cylindrical stems and was 
cleaned and washed well in clear water 
before drying in the sun. 

It was found that the fibre obtained 
from years old was 
coarse and brittle, but that from stems 
of one and one-half to two years growth 
it was soft and strong. It may be in- 
teresting to note that the early practice 
among the villagers was to select kaivun 
stems one inch in diameter for retting. 


stems over two 


Other Plant Parts of Economic 
Value 


The spirally twisted fruit is used by 
local physicians in the preparation of 
certain medicines. The wood is a good 
fuel. Local manufacturers engaged in 


preparing fireworks consider charcoal 


Utilization 


Manioc in Africa. In connection with a 
map depicting, probably for the first time, 
the distribution of manioc in Africa, the fol- 
lowing is stated in part: 

“ Manioe (Manihot utilissima) is probably 
the least known of the great food crops that 
the New World gave the Old. There is even 
disagreement as to its correct name in Eng- 
lish. Americans who have encountered it in 
Spanish America know it as ‘yuca’. In 
Brazil it is most often ‘mandioca’, though 
some varieties are ‘aipim’. In India and 
Malaya the British call the plant ‘ tapioca ’ 
(in the United States the term ‘ tapioca’ 
refers only to the white, coarsely granular 
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from kaivun stem to be 
making gunpowder. 

In view of the shortage of natural 
fibre, a systematic and large scale culti- 
vation of Kaivun may be of great value. 
It could be cultivated as an under shrub 
e.g., teak. 
in plantations of more valuable crops, 


superior for 


Summary 

Kaivun (Helicteres isora) is a useful 
fibre-yielding perennial shrub. It grows 
as an under shrub in regions where there 
is a high rainfall. 

The fibre can be extracted easily and 
could be used for various purposes. 

Large scale cultivation of this peren- 
nial plant would ensure a continuous 
supply of useful fibre which compares 
favourably with jute. 

The author is indebted to Dr. C. C. 
John, Director of Research, University 
of Travancore, for help and guidance in 
conducting this investigation and the 
University of Travancore for giving op- 
portunity and encouragement. 
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Abstract 


product); in Africa they now usually refer 
to it as ‘cassava’. In the earlier days of 
British penetration of East Africa it was 
known as ‘manioc’, and this is the name 
given it in Belgian and French Africa. 
American writers call it both ‘ cassava’ and 
*manioe ’ 

“ Manioe was first introduced to Africa by 
the Portuguese, who brought it from Brazil 
to their Congo stations. By the time Euro- 
peans had penetrated the interior of Africa 
in the nineteenth century, manioe had spread 
over most of the Congo Basin. It is men- 
tioned by most travelers in tropical Africa ”. 
(Jones, W. O., Geog. Rev. 43: 112. 1958). 


Some Unit Processes and Unit Operations in the 
Industrial Utilization of Agricultural Products’ 


In ECONOMIC BOTANY and other literature on the sub- 
ject, frequent references are made, but without expla- 
nation, to various chemical and physical steps in the 
industrial utilization of plants and plant products. In 
this article some of those steps are described and impor- 
tant applications of them noted. 


HARRY W. VON LOESECKE 
Washington Utilization Re Sé arch Branch, Agricultural Re sé arch Se rl we P 


United States 


INTRODUCTION 


The utilization of agricultural prod- 
ucts presents a wide range of challenges 
to scientists, engineers and technologists. 
Those which face chemists and chemical 
engineers have a peculiar importance be- 
cause they are the challenges inherent in 
all pioneering. American agriculture 
can already see nearby the last frontier 
of new arable land, but the only limit 
to the stream of new goods and new 
wealth which can flow from those 
bounded resources is man’s own capacity 
to understand, to invent, to construct, to 
operate and to distribute what he has 
produced. What are some of the general 
procedures used by chemists and chemi- 
cal engineers in this exploration of the 
unknown? There is prosaic technique 
even in magic, and the necromancer of 
modern laboratories incorporates per- 
spiration in every recipe. 

In accepting the challenge of utiliza- 
tion of agricultural products, the chemist 
and chemical engineer may employ 
many techniques, operations and proc- 
esses in order to separate particular sub- 
stances, modify the things he has sep- 


1 An expansion of “ The Chemist Seeks One 
of Three Goals”, Harry W. von Loesecke. 
Yearbook of Agriculture, 1950-51, pp. 21-24, 
U. 8S» Department of Agriculture, Washington, 
D. C. 


Department of Agriculture, 


Washington, D. C. 


arated and convert the materials into 
other entities that have different chemi- 
cal and physical properties. 

The purpose of the present paper is to 
outline some of the techniques used by 
the chemist and chemical engineer in the 
creation of new things from agricultural 
products for better living. It is not pos- 
sible here to discuss all these techniques, 
but those selected are, perhaps, best il- 
lustrative of the manner in which the 
chemist works. These techniques can 
be most conveniently classified as “ unit 
processes ’’ and “ unit operations’. The 
former fixes attention on the principal 
chemical reactions which take place in 
the course of a process, while the latter 
refers to the various physical manipula- 
tions which succeed one another in or- 
derly fashion to make up a process. 

It should be pointed out that there can 
be no fixed boundary between unit proc- 
esses and unit operations, for no unit 
process can be carried out commercially 
without the application of one or more 
unit operations. Further, in some chemi- 
cal reactions more than one unit process 
may be involved (5, 11). For instance, 
in the synthesis of ascorbic acid (vita- 
min C) from corn sugar (Fig. 3), five 
unit processes are involved, namely, hy- 
drogenation, oxidation, condensation, hy- 
drolysis and enolization. In the prep- 
aration of an acryloid plastic from lactic 
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acid, three unit processes are involved: 
two esterification steps and a pyrolysis 
step. 

The unit processes which have been 
selected for discussion in the following 


O O 


| | 
HO —C(CH,),C —OH + H,N(CH,) 


adipic acid 


NH, 


0 


-H,0 
ad 


sections are condensation, dehydration, 
esterification, fermentation, hydrogena- 
tion, hydrolysis, polymerization, precipi- 
tation, saponification, sulfonation and 
synthesis. The unit operations, based 
on changes in physical state or on physi- 
cal operations, are adsorption, centrifu- 
gation, dehydration and drying, distilla- 
tion, extraction and filtration. Each of 
these processes and operations will be 
described briefly, and illustrations given 
of their application to agricultural prod- 
ucts. 
Unit PRocEssES 
Condensation 

This term is applied in two ways: (a) 
in a physical sense where molecules of 
gas or vapor unite, forming particles of 
liquid or solid, which is a unit operation 
(see distillation), and (b) in a chemical 
sense involving unit processes in which 
molecules unite. Some authorities re- 
strict the term “ condensation ” to those 
reactions in which some small molecules, 
like water, always split out, and reserve 
the designation “ polymerization ”’ (q.v.) 
for those reactions which are strictly ad- 
ditive with no splitting out of small 
molecules. 

Nylon. Perhaps one of the most im- 
portant condensation reactions is that 
used by Carothers in 1935 and which led 
to the production of a supermolecule 
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suitable for use as a textile, known today 
as Nylon. One type of Nylon is pre- 
pared by a condensation polymerization 
reaction involving hexamethylenedia- 
mine and adipie acid: 


hexamethylenediamine 


0 


0 0 


| | | | 
... C(CH,),CNH(CH,),NHC(CH,),CNH(CH,),NH...  (D 


part of Nylon molecule 


Adipie acid is produced by the oxida- 
tion of furfural which can be obtained 
from corn cobs or oat hulls. 

The formula given in (1) is only a part 
of the complicated Nylon molecule, but it 
will be seen that it is made up of multi- 

O 

ples of peptide linkages | 

NHC 

indeed, the molecular structure of Nylon 

bears close structural resemblance to silk 
protein. 

Briefly, Nylon is produced essentially 
as follows (18): 


, and, 


The adipic acid and diamine solutions 
are measured out and run together into 
stainless steel kettles. Upon heating, the 
chemicals combine to form a Nylon salt: 
hexamethylenediamine adipate. The con- 
centrated salt solution is charged into an 
autoclave where polymerization is carried 
out at a high temperature. The poly- 
mer, in a molten state, is extruded as a 
ribbon, which looks like ivory, onto a 
chilled steel roll. The completion of this 
chemical reaction marks the end of the 
unit process in the manufacture of Ny- 
lon. The remaining steps represent unit 
operations. The ribbon is cut into chips 
for convenience in storage, handling and 
blending of various batches. The chips 
are put into a hopper of the spinning 
unit and dropped on a heated grid, melt- 
ing the polymer which is subsequently 
filtered and pumped through spinnerets 
while blanketed with nitrogen to prevent 
oxidative changes. The filaments formed 
at the spinnerets harden quickly on 
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striking the air, and pass into condi- 
tioners which moisten the filaments to 
make them stick together. The fila- 
ments are late stretched to increase 


tensile strength and elasticity. 


Vitamins. Condensation reactions are 
important in the synthesis of vitamin A. 
Citral obtained from lemon grass (Cym- 
bopogon citratus) serves as the starting 
material in this synthesis. When citral 
is condensed with acetone, followed by 
cyclization, alpha and beta-ionone are 
obtained. The ionones themselves are 
used for the production of certain per- 
fumes, but beta-ionone may also be used 
in the synthesis of vitamin A by conden- 
sation with ethyl chloroacetate to an 
aldehyde. Then by various other unit 
processes, including another condensa- 
tion, preferential hydrogenation, partial 
acetylation and dehydration, vitamin A 
acetate is obtained. If the acetate is 
saponified, vitamin A alcohol results. 

Plastics, etc. A useful condensation 
reaction is that between acetaldehyde 
and formaldehyde; the former may be 
derived from ethyl alcohol and the latter 
from methyl alcohol (wood alcohol). 
When these two aldehydes are condensed 
in equimolecular quantities, acrolein is 
obtained. Acrolein is of importance in 
organic syntheses, in making plastics 
and military poison gas, and in water 
and sewage disinfection. 

Alcohols. Another application of this 
type of condensation is in the prepara- 
tion of aleohols. Thus acetaldehyde is 
converted into n-butyl alcohol, and n- 
butyraldehyde condensed to yield 2 
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for mercerizing cotton, textile finishing 
compound, and in dry cleaning, plasti- 
cizers and inks. Formaldehyde is con- 
densed with ammonia to give a crystal- 
line solid with the formula CgHyoN,. 
This is hexamethylenetetramine (uro- 
tropin), sometimes employed in medicine 
as an urinary antiseptic 
slowly releases formaldehyde by rever- 
sal of the reaction leading to its forma- 
tion. Of interest, too, is the fact that if 
urotropin is treated with nitric acid, a 
high explosive, known as cyclonite, is 
obtained. 


because | it 


Dehydration 

Dehydration, as used by the chemist 
and chemical engineer, involves more 
than physical removal of water from a 
material ; is a unit process involving 
chemical loss of water, resulting in a 
new molecular structure and altered 
properties of the material which has 
been subjected to dehydration. 

Drying Oils. One of the more impor- 
tant applications of dehydration in the 
utilization of farm products is the prep- 
aration of drying oils from non-drying 
oils, an example of which is dehydrated 
castor oil. Dehydrated castor oil equals 
or surpasses linseed oil in drying ability, 
and white enamels prepared from castor 
oil have advantage over linseed oil 
enamels because of freedom from “ after 
yellowing’. This ability is imparted to 
castor oil (a non-drying oil) through in- 
troduction of an additional double bond 
into ricinoleic acid, the main constituent 
of castor oil, by removing the OH group 
and an adjacent hydrogen atom in the 


ethyl hexanol (octyl alcohol). Octyl form of water to yield 9,12 linoleic acid 
alcohol is used as a solvent, penetrant and 9,11 linoleic acid: 
CH, —(CH,), —CH, —CH —CH, —CH —CH —(CH,),COOH (Il) 
OH 
ricinoleic acid oat CH,(CH,),CH —CHCH,CH —==CH(CH,),COOH 
heat 6% 9,12 linoleic acid 
acti 122 H,(CH,),CH,CH ==-CHCH —CH(CH,),COOH 


9,11 linoleic acid 
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Commercially, dehydrated castor oil 
is prepared by heating the oil in vacuo 
at 450-470 deg. F. in the presence of a 
catalyst. Effective catalysts are sulfuric 
and phosphoric acid and sodium acid 
sulfate. 


Ethylene. Alcohols may be dehy- 
CH,COOH + C,H,OH = 
acetic ethyl 
acid alcohol 


drated to yield products of commercial 
importance. Thus dehydration of ethyl 
alcohol brings about a loss of OH from 
one carbon atom and H from another 
carbon atom to yield ethylene. In prac- 
tice, vaporized ethyl alcohol is passed 
through a tube packed with granules of 
alumina maintained at 662-753 deg. F., 
and the ethylene vapors are liquefied as 
they leave the tube. However, practi- 
rally all ethylene is obtained commer- 
cially from natural gas. 

Rubber. Of historic interest is the 
preparation of methyl rubber in Ger- 
many during World War I. This rubber 
was obtained by using acetone (prepared 
by fermenting potatoes) as the starting 
material and reducing this to pinacol 
which was subsequently dehydrated to 
dimethylbutadiene which was 
quently polymerized to methyl rubber: 


subse- 
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tires of extremely mileage and 


could not be used for inner tubes. 


poor 


Esterification 
In this unit process an ester is formed 
by the reaction of an acid (usually an 
organic acid) with an alcohol: 


CH,COOC,H, + H,O (IV) 
ethyl 
acetate 
Flavoring. The distinctive flavors and 


odors of many fruits and flowers are due 
at least in part to the presence of one 
or Ethyl acetate in (1V) 
has an apple-like odor. If amyl alcohol 
(fusel oil obtained in distilling ethyl] al- 
cohol) were substituted for ethyl alcohol 
in (IV), amyl acetate, which has a ba- 
nana-like aroma, would result. A whole 
array of esters of this type can be ob- 
tained by changing the acid and the 
alcohol. Such esters are used exten- 
sively in the manufacture of artificial 
flavors. 

Starch Esters. Esterification is impor- 
tant in making explosives and plastics 
from farm products. Thus ordinary corn 
starch is nitrated to form explosive 
esters. In such a process, starch is mixed 
with nitric acid in the presence of either 


more esters. 


CH, CH, 
2CH,),.CO ———» H,C —C ih — Ah, 
acetone = | 
hydrogen OH OH 
pinacol 
CH, 
CH, CH, 
oun CH, ——C I 
CH, —C perpanetee methyl 
\cH, rubber 
dimethyl butadiene 
Production of methyl rubber in Ger- sulfuric or phosphoric acid as a ca- 


many stopped after World War I be- 
‘ause it is a very poor substitute for 
natural rubber. Methyl rubber gave 


talyst *. 
2 A substance changing the speed of a chemi- 
cal reaction but which does not itself undergo 
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Starch is not a simple chemical com- 
pound, and can be separated into two 
fractions by several methods. In one 
procedure the granular starch is treated 
with hot water, a portion of the amylose 
fraction thereby being leached out, leav- 
ing the amylopectin fraction, still con- 
taining some amylose, in the form of 
swollen particles. Another procedure 
for separating starch into fractions is to 
cook it thoroughly in the presence of 
water and butyl alcohol. On slow cool- 
ing of the mixture, the amylose fraction 
separates as a sticky solid which can be 
removed by centrifuging. Certain esters 
of amylose will form films and filaments. 
For instance, amylose triacetate (pre- 
pared by treating amylose with pyridine— 
acetic anhydride mixtures) will form 
lustrous and _ pliable  cellophane-like 
films. Amylose triacetate can be con- 
verted into fibers resembling acetate 
rayon by dissolving the triacetate in 
chloroform and forcing the solution 
through a spinneret into a hot-air cham- 
ber for evaporation of the chloroform. 
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the variety of starch used. Starch with 
small granules, as that of corn, rice, 
wheat, cassava, arrowroot and sweet- 
potato, shows greater activity with the 
phosphorylating reagent than starch of 
larger granules from sago, banana and 
white potato. 

Other useful esters of starch, such as 
the propionate, benzoate, xanthate, pal- 
mitate and sulfate, can also be prepared. 

Sugar Esters. 
from sugars, and these esters are similar 
to those made from starch. Methacrylyl 
esters of the sugars form insoluble resins 
on exposure to air in the same manner 
as the corresponding starch methacry- 
late. 

Plastics. An acrylic ester, useful as a 
plastic, has been prepared from lactic 
acid, a by-product of the dairy industry 
(20). Lactic acid is first esterified to 
give methyl lactate, then treated with 
acetic anhydride to yield acetyl methyl 
lactate, which is heated, giving methyl 
acrylate. Upon polymerization — this 
yields a plastic: 


Esters can be prepared 


CH,CHOHCOOCH, + (CH,CO),0 —- CH,CHCOOCH, 


OCOCH, 


acetyl methyl lactate 


methy! acetic 
lactate anhydride 
Another starch ester, starch phos- 
phate, has the property of removing the 
metallic ion of many inorganic salts 
from solutions containing them. It thus 


may have industrial uses, such as a 
water softener or for demineralizing 
sugar sirups. In preparing starch phos- 
phate, phosphorus oxychloride is allowed 
to react with starch granules in the pres- 
ence of an organic base, for example, 
pyridine. The nature of the starch phos- 
phate obtained is greatly influenced by 
change and can be recovered after completion 


of the reaction. A catalyst acts, too, as sort of 
a “trigger” for a reaction. 


—+ CH,—CHCOOCH, +CH,COOH  (V) 


heat 


acetic 
acid 


methyl acrylate 


However, on a cost basis the lactic acid 
method with present price of lactic acid 
cannot compete with the chlorohydrin 
(which can be cheaply obtained from 
petroleum) synthesis, or from more re- 
cent synthetic methods based on acety- 
lene. 

Cellulose Esters. Esters of cellulose 
are important as textile fibers and non- 
inflammable motion picture films. Thus 
one type of man-made fiber is prepared 
by esterification of cellulose (such as 
cotton linters) by dissolving in a mix- 
ture of acetic acid—acetie anhydride—sul- 
furie acid to give a clear solution. When 
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this solution is poured into water, cellu- 
lose precipitated. Threads 
ean be formed by foreing the solution of 


acetate is 


cellulose acetate in acetone through a 
spinneret and drying in air. The prod- 
uct is known as “ acetate rayon ”’, and, 
although esterification is expensive, the 
cost is partially compensated by the 
40% gain in weight. Treatment of cellu- 
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surface-active agents or surfactants) of 
the type sold in the United States under 


such trade names as “ Dreft”, “ Tide” 
and “ Surf ’’3 
There are probably more than 200 


surface active available in the 
United States. They overcome the limi- 
tations of ordinary soap which is un- 
stable in acid solution and which cannot 


agents 


Fic. 1. 


tion of farm products, 


lose with nitric acid gives cellulose ni- 
trate of value in the manufacture of 
explosives, plastics and lacquers. 

Esters of Fats and Oils. If fats are 
hydrogenated (see below under “ hydro- 
genation ”) under certain specific condi- 
tions, fatty aleohols are obtained. If 
these alcohols are esterified with sulfuric 
acid, esters of the alcohols will result. 
Such esters are detergents (also called 


Pilot plant in the Northern Regional Research Laboratory, Peoria, Ill., for utiliza- 


be used efficiently in hard water because 
many of its salts are insoluble. 

Fats and oils are esters of fatty acids 
with glycerol (an alcohol). In some 
cases fats and oils contain small amounts 
of sterols, phosphatides, pigments and 


3 It is not to be implied that such detergents 
consist entirely of alcohol sulfates or sufonated 


esters. 
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vitamins. The glycerol portion of the 
fat may be replaced with another al- 
cohol by the unit process of interesteri- 
fication or trans-esterification. In prac- 
tice this replacement may be carried out 
at atmospheric pressures at 80-175 deg. 
F. by adding the alcohol to the dry fat 
or oil. During the reaction the free 
glycerol settles out and can be removed. 
Products thus formed are called “ mono- 
esters ” and find use in the manufacture 
of plasticizers and soaps. Instead of 
replacing glycerol by another alcohol, 
additional glycerol may be added to the 
fat. This will remove some of the com- 
bined fatty groups from the natural fat 
molecules and combine them with the 
added glycerol to make synthetic fatty 
molecules. Such a product is called a 
“monoglyceride”” and is used as an 
emulsifying agent in shortenings and 
margarines. Monoglycerides are pre- 
pared by mixing fat and glycerol with 
a small amount of sodium hydroxide and 


then heating to 350-480 deg. F. in an 
inert atmosphere. 
Fermentation 
Fermentation has probably — been 
known since prehistoric times. Louis 


Pasteur (1822-1895) first introduced the 
term which comes from the Latin “ fer- 
mentare ” (to boil). The microbiologi- 
cal reaction causes evolution of gas, giv- 
ing the appearance of boiling. In a 
broad sense, fermentation may be de- 
fined as a unit process in which a chemi- 
cal change is brought about in an or- 
ganic substrate through the action of 
enzymes elaborated by specific types of 
microorganisms. 

There are several types of fermenta- 
tion that the chemist may use in the 
utilization of surplus agricultural prod- 
ucts or residues. One type converts fer- 
mentable sugars to ethy!] alcohol, as in 
the production of wine, hard cider and 
beer, or in the production of butyl al- 
cohol. Another type will convert ethyl 


alcohol, in the presence of air, into acids, 
as in the manufacture of vinegar. In 
still another type molds and bacteria 
will produce acids (as lactic, citrie and 
gluconic) and other chemical products 
from More recently, utilized 
types of fermentation have produced 
antibiotics and vitamins. 

Alcohol. Alcoholic fermentation is 
sometimes the preferred method in utiliz- 
ing second-grade or waste agricultural 
material. Thus the starch of off-grade 
corn and the sugar of molasses can be 
used in the production of ethyl or butyl 
alcohol and acetone. One bushel of corn 
(dry basis) may yield a maximum of 
three gallons of 95% ethyl alcohol. Sur- 
plus potatoes have also been fermented 
to ethyl alcohol, and in 1947, 13% of 
the ethyl aleohol produced in the United 
States came from potatoes. 

Starch (a polysaccharide) cannot be 
fermented directly but must be changed 
to monosaccharides before the carbohy- 
drate material can be converted to al- 
cohol. In practice, starch is changed to 
monosaccharides by heating with dilute 
acid, or by means of malt (which con- 
tains a diastatic enzyme *) or by means 
of fungi which elaborate diastatic en- 
zymes. For all practical purposes disac- 
charides (such as sucrose) are fermented 
directly, and any hydrolysis to mono- 
saccharides apparently takes place 
within the cell of the microorganism. 

Although the mechanism of ferment- 
ing monosaccharides to ethyl alcohol is 
very complex, it is generally stated for 
simplicity by the following equation: 


sugars. 


C,H,,0, —— 2CO, +2C,H,OH (VI) 


glucose Y°#St ethyl 
alcohol 


If all of the glucose were converted 
into alcohol in accordance with the 
above reaction, each 100 parts of glucose 

4An enzyme is a soluble colloidal organic 


catalyst produced by living organisms. En- 
zymes are of a protein nature. 
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would yield 51.1 parts of alcohol and 
48.9 parts of carbon dioxide by weight. 
But there are a number of other com- 
pounds formed during fermentation, and 
the amount of alcohol obtained is never 
the theoretical as expressed by the equa- 
tion. In commercial practice, a yield of 
around 90% of the theoretical may be 
obtained when molasses is used as the 
substrate. 

Aleohol from surplus agricultural 
crops and residues is becoming of less 
importance for the present because of 
cheaper synthetic production from ethy- 
lene obtained from natural gas, and by 
the Fischer-Tropsch process based on 
carbon monoxide derived from coal and 
natural gas. 

Lactic Acid. Lactic acid has probably 
been known since Biblical times as the 


unnamed constituent in the fermented 


CH, -CHOHCOOH + Ca(OH), — Ca{CH, -CH(OH) - COO}, 


lactic acid lime 


milk of the nomadic tribes. Its true na- 
ture was pointed out by the Swedish 
chemist Earl William Scheele (1742- 
1786) who isolated and identified it as 


Ca(CH, - CH(OH) - COO), + H,SO, = CaSO, + 2CH,CHOHCOOH 


the principal acid in sour milk. Com- 
mercially, lactic acid is produced by fer- 
menting a carbohydrate source, such as 
molasses, whey or hydrolyzed starch 
(see under “ hydrolysis’), with a mem- 
ber of the group of lactic acid bacteria. 
The specific member of this group used 
depends chiefly on the kind of carbo- 
hydrate to be fermented and the rate 
and temperature of fermentation desired. 
For example, lactose in whey, a_by- 
product from cheese manufacture, may 
be fermented with Lactobacillus bul- 
garicus, L. casei or Streptococcus lactis. 
When molasses or hydrolyzed starch is 
used as a carbohydrate source, L. del- 
bruecku, L. leichmanii or L. bulgaricus 
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may be utilized. Several kinds of or- 
ganisms may be used together. 

The reactions taking place in the con- 
version of carbohydrates to lactic acid 
by lactie acid bacteria are analogous to 
those occurring in alcoholic fermentation 
and also complex. The reaction is usu- 
ally represented by the simple equation: 


C,H,,0, ““““_ 2CH, - CHOHCOOH 


acid 1 < as 
bacteria actic acid 


(VIT) 


According to this equation, 100 parts 
of glucose would yield 100 parts of lactic 
acid. In commercial practice from 80% 
to 90% of the theoretical yield is ob- 
tained. 

Because lactic acid bacteria will not 
tolerate high acidity, it is necessary in 
practice to intermittently neutralize the 
acidity of the medium with lime: 


(VIII) 


calcium lactate 


The calcium lactate is subsequently 
crystallized from the medium and sold 
as such or carefully decomposed with 
sulfurie acid: 


(IX) 


calcium lactic acid 


sulfate 


Calcium sulfate is insoluble and can be 
removed by filtration. 

Citric acid was first isolated from 
lemon juice and crystallized by Scheele 
in 1784. Prior to 1923 nearly all com- 
mercial citric acid production was from 
lemon juice, Italy furnishing about 90% 
of the world’s supply of calcium citrate 
from which the acid was ultimately ob- 
tained. Today about 97% of the citric 
acid used in industry is produced by the 
fermentation of sugar solutions, usually 
beet molasses, with certain species of 
molds. Wehmer (25) was apparently 
the first to report that certain molds, 
when grown on sugar solutions, would 
produce citric acid. During the past 60 
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years much research has been accom- 
plished to make the process economical. 

Since Wehmer’s historic researches, 
several investigators have found that a 
large number of molds can produce cit- 
ric acid. However, some strain of Asper- 
gillus niger is used commercially because 
it is easily cultivated and gives the high- 
est yields of citric acid with a minimum 
of oxalic acid, an unwanted by-product. 
Details of the method are considered a 
trade secret, although several patents 
have been issued covering certain phases 
of the process. 

Fermentation is usually conducted in 
shallow aluminum pans containing the 
sugar solution and added nutrient salts. 
The pans are placed in rooms where 
temperature and humidity are carefully 
controlled. In about two days a mat of 
mold mycelia will cover the surface of 
the medium in the pans, and fermenta- 
tion is usually complete in seven to ten 
days after inoculation. The solution is 
then drained off, the mycelia pressed and 
the acid in the medium precipitated with 
lime and calcium carbonate according to 
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production of dextran. Dextran, a glu- 
cose polymer whose structure has been 
suggested by Levi et al. (12), is of im- 
portance as a blood plasma _ extender. 
Its ability to function in this manner 
depends upon the number of molecules 
Its molecu- 
lar weight should be near that of serum 
albumin. If it is lower, the material 
is lost from the body through the kid- 
neys because the molecule will be smaller 
than the openings in the kidney mem- 
branes; if it is higher it causes undesira- 
ble interactions with other blood com- 
ponents. 
Commercially, 


introduced per unit volume. 


dextran is produced 
from sucrose solutions containing added 
nutrients by fermenting with a strain of 
Leuconostoc mesenteroides which origi- 
nally was isolated from root beer sirup. 
Numerous influence the prop- 
erties and amount of dextran and of the 
by-product produced (9). The so-called 
“native” dextran obtained as above 
must be partially hydrolyzed to reduce 
the molecular size for reasons already 
stated. 


factors 


the following equation: Antibiotics. Antibiotics are obtained 
2C,H,O, + 3CaCO, = Ca,(C,H,O,), + 3CO, + 3H,O (X) 
citric calcium calcium citrate 
acid carbonate 


The calcium citrate obtained is fil- 
tered off and decomposed with a cal- 
culated amount of sulfuric acid: 


Caz (CeHs! edo | 3H Vy 
2CeHsO07 (XI) 


Use of shallow pans represents a large 
investment of money, space requirements 
and labor cost to harvest the mycelia 
from the pans. Therefore considerable 
effort is being extended to obtain satis- 
factory production by submerged cul- 
tures which require only tanks. 
Dextran. An example of a fermenta- 
tion reaction in which a disaccharide 
serves as a substrate for the formation 
of a polysaccharide is illustrated in the 


+ 8CasSO, 


by fermenting nutrient solutions. The 
story of these useful drugs (8) begins 
with the findings of Dr. Alexander Flem- 
ing (now Sir Alexander Fleming), a bac- 
teriologist at St. Mary’s Hospital, Lon- 
don, in 1928. Fleming was investigating 
Staphylococei when an air-borne spore 
of a blue-green mold, later identified as 
a form of Penicillium, fell into an open 
Petri dish containing a staphylococcus 
culture. As the mold grew, the colonies 
of bacteria disappeared. Fleming, not- 
ing this destruction of one microbe by 
the growth of another, looked further 
into the matter and found that the mold 
apparently secreted a material that was 
toxic to the staphylococcus organism as 
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Fic. 2. In the early days penicillin was produced by surface growth of the mold in small 
individual containers. 
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well as to its relatives. Thus this bit of 
serendipity > led to the birth of peni- 
cillin. It was not, however, until about 
1939 that Howard Florey, E. Chain, N. 
G. Heatley and others at Oxford took up 
the study of penicillin, obtained from the 
Penicillium mold, and found it to be 
non-toxic when tested on laboratory ani- 
mals and man. Sufficient amounts of 
penicillin were then made with consider- 
able difficulty to carry out clinical tests. 
But at that time England was engaged 
in a desperate struggle to keep the Nazi 
hordes from her shores, and England did 
not seem to be the place to continue in- 
vestigations of penicillin. In July, 1941, 
Florey and Heatley were directed to the 
Northern Regional Research Laboratory 
of the Bureau of Agricultural and Indus- 
trial Chemistry, U. 8. Department of 
Agriculture, Peoria, Illinois, and _re- 
quested workers there to take up the 
possibilities of large-scale penicillin pro- 
duction. Using corn steep liquor—a by- 
product of the corn wet-milling industry 
—and lactose as the two principal in- 
gredients of the culture medium, A. J. 
Moyer and R. D. Coghill of the Labora- 
tory developed a medium that increased 
yields of penicillin many-fold. Yields 
were further increased by the work of 
K. B. Raper of the Laboratory, who de- 
veloped new strains of the genus Peni- 
cullium. As a result of the brilliant 
researches of these men, production of 
penicillin increased from less than 21 
billion Oxford Units® in 1943 to more 
than 300 quadrillion Oxford Units in 
1952. 

In the early days penicillin was pro- 
duced by surface growth of the mold in 


5 A word coined by Horace Walpole in the 
18th century and defined by Webster as “ the 
gift of finding valuable or agreeable things not 
sought for”. Dr. Irving Langmuir suggests a 
more telling definition: “the art of profiting 
from unexpected occurrences ” 


6100 Oxford Units represent about 0.06 mg. 
of pure penicillin, 
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small individual containers holding from 
about one quart to a gallon. This was 
a very costly procedure, and the anti- 
biotic commanded a fantastic price. 
Methods of production by submerged or 
tank cultures were later introduced, and 
mold strains suitable for this type of 
culturing were From an 
economic standpoint, submerged culture 
production of antibiotics has been a vast 
improvement over the old flask surface 
culture method, and prices for penicillin 
have been greatly reduced. In 1944 
penicillin was offered at $50.00 per mil- 
lion units; to-day the price is one cent 
per million units. 

The number of antibiotics since peni- 
cillin was first made available has in- 
creased tremendously and new ones are 
being constantly added, a few of which 
are found useful. 


discovered. 


Hydrogenation 


Hydrogenation is the union of hydro- 
gen with another substance, aided by a 
catalyst. Its most important applica- 
tion in the utilization of agricultural 
products is the conversion of naturally 
liquid oils into more valuable plastic 
fats. Hydrogenation also enhances the 
stability and improves the color of such 
products. 

Fats. Fats and oils are esters of fatty 
acids with glycerol, an alcohol. The 
fatty acids in oils and fats are both 
saturated and unsaturated, and, since 
hydrogenation is the chemical addition 
of hydrogen to the carbon-to-carbon 
double bonds which form part of the 
molecule of the fatty acids, only those 
fatty acids containing double bonds will 
add hydrogen (3). 

The change in properties brought 
about by hydrogenation is affected not 
only by the number of double bonds to 
which hydrogen is added, but also by the 
particular carbon-to-carbon bonds at 
which the addition occurs. 

Addition of hydrogen requires a ca- 


UNIT 


talvst which in commercial practice con- 
sists of nickel. This is prepared in a 
finely divided form and removed after 
hydrogenation has been completed. 
Commercially, hydrogenation of oils 
is carried out in converters holding about 
4,000 gallons of oil and provided with 
heating and cooling coils, agitators and 
means of distributing the incoming hy- 


drogen through the oil. Refined and 
bleached oil is mixed with a small 
amount of the nickel catalyst and 


pumped into the converter. The oil is 
heated to 200 to 400 deg. F. and hydro- 
gen is introduced, pressure in the con- 
verter building up to 10 to 75 pounds 
per square inch. Since the addition of 
hydrogen to the double bonds creates an 
exothermic reaction, it is necessary to 
shut off the steam and control the tem- 
perature by pumping cold water or brine 
through the cooling coils. Hydrogena- 
tion is stopped when the desired degree 
of hardening has been attained, the oil 
is cooled and the catalyst is removed by 
filtration. 

Temperature, hydrogen pressure, type 
of catalyst and its concentration, and 
degree of agitation of the oil, all influ- 
ence the manner in which hydrogen com- 
bines with the oil. 

Hydrogenated oils find extensive use 
in the manufacture of shortenings and 


sucrose 
margarine. 

If fatty acids are hydrogenated at 
temperatures higher than 400 deg. F. and 
at pressures of 1500 to 3000 psi in the 
presence of a reduced copper chromite 
catalyst, hydrogen will not attach itself 
primarily to the carbon-to-carbon double 
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bond but will add to the oxygen in the 
fatty acid molecule, yielding fatty al- 
cohols such as lauryl, myristyl, cetyl and 
stearyl alcohols. Such fatty alcohols are 
used in the preparation of synthetic 
waxes and detergents, emulsifiers and 
surface-active materials. 

Vitamins. Hydrogenation is one step 
in the synthesis of vitamin C (ascorbic 
acid) (Fig. 3). converted 
into the alcohol, p-sorbitol, by catalytic 
(nickel) hydrogenation. Upon bacterial 
oxidation, using Acetobacter suborydans, 
p-sorbitol yields sugar. 
This sugar is converted to its acetone 
derivative which is then oxidized. Hy- 
drolysis of the resulting product yields 
2-keto-L-gulonic acid which is heated 
with hydrochloric acid to give ascorbic 
acid. Glucose, the starting material, is 
obtained from corn, and one bushel (56 
lbs.) of corn containing 15.5% moisture 
will yield about seven pounds of vitamin 
C selling for around $10.00 a pound. 


Glucose is 


L-sorbose, a 


Hydrolysis 

Hydrolysis refers specifically to the 
process in which large molecules are split 
by organic or inorganic catalysts into 
smaller molecules by addition of water. 
This may be illustrated by the hydroly- 
sis of sucrose to glucose and levulose 
whose structural formulae are: 


(xt) 


glucose levulose 


Thus the sucrose molecule is_ split 
apart by the insertion of HOH between 
its two monosoccharide radicals (glucose 
and levulose). 

Starch, Inulin, Sucrose. Of considera- 
ble commercial significance is the hy- 
drolysis of starch with hydrochloric or 
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sulfuric acid as a catalyst to yield dex- 
trose name, D-glucose) and 
glucose sirups. If hydrolysis continues 
to completion, the final product is dex- 
trose, but when the chemical reaction is 
interrupted before completion, an un- 
erystallizable sirup, commercially termed 
obtained. The reaction 


(chemical 


a“ 


glucose ”, is 
may be presented as: 


(C,H,,0.), + nH,O + n(C,H,,0,) (XII) 
starch D-glucose 
(dextrose) 


Since we do not know exactly how 
large any starch molecule is, its formula 
must be written with the subscript n, an 
unknown quantity. We do know that 
starch is made up of hundreds or thou- 
sands of p-glucose molecules linked to- 
gether. 

In commercial practice, corn starch is 
used for the preparation of dextrose and 
glucose sirups. Glucose sirup is made 
by cooking corn starch, water and acid 
under pressure with large 
bronze tanks called “ converters ” 
When hydrolysis has proceeded to the 
desired degree, the converter is quickly 
discharged and the hot charge neutral- 
ized with sodium carbonate. The sirup 
is subsequently filtered, decolorized with 
charcoal (see under “ adsorption”) and 
evaporated in vacuum pans to the de- 
sired consistency. 

Composition of the sirup obtained will 
depend upon the intensity and length of 
hydrolysis: a short hydrolysis will yield 
a sirup high in dextrins and low in total 
sugars, while a long hydrolysis gives a 
sirup low in dextrins and high in total 
sugars. Thus the sweetness and viscos- 
ity of the sirup can be controlled by the 
degree to which the complex starch 
molecule is broken down into simpler 
sugar molecules. 

In the making of dextrose, slightly 
more acid is used than in sirup prepara- 
tion, and hydrolysis is longer than when 
sirup is the desired end product. There- 
fore starch is changed almost entirely to 


steam in 
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dextrose which is subsequently recovered 
by neutralizing, filtering and crystalliz- 
ing. 

The Jerusalem artichoke (/elanthus 
tuberosus) as well as chicory (Cicho- 
rium Intybus), dandelion (Taraxacum 
officinale) and members of the Compo- 
sitae family contain a_ polysaccharide, 
inulin, which can be hydrolyzed to give 
levulose (p-fructose), a monosaccharide: 


(C,H,,0,),, + nH,O — n(C,H,,0,) 


inulin 


(XIV) 
levulose 
(D-fructose) 


It will be noticed that this reaction is 
similar to (XIII) and that inulin is as- 
signed the same empirical formula as 
starch. It should be pointed out, how- 
ever, that the CgH,oQ0; unit in inulin is 
fructose anhydride instead of glucose 
anhydride, as in starch, and that the 
value of “n” may be considerably 
smaller, although its magnitude has not 
been definitely determined for 
material. 

One method of preparing a_ fructose 
sirup from the inulin in Jerusalem arti- 
chokes involves cutting the tubers into 
slices and diffusing the slices with water 
at 160-175 deg. F. until an extract con- 
taining about 35% total solids is ob- 
tained (4). The extract is filtered and 
hydrolyzed with hydrochloric acid in a 
digester at 25 pounds gauge pressure for 
20 minutes. The hydrolyzed solution is 
then concentrated in vacuo to 60% 
solids, neutralized with sodium carbon- 
ate to pH 5.4, filtered and treated with 
activated charcoal until the sirup has a 
color resembling that of maple sirup. 
This sirup is further concentrated until 
it contains about 82% sugar; it then 
constitutes the finished product. 

tecent research has demonstrated that 
it is possible to recover fructose (levu- 
lose) obtained by the hydrolysis of suec- 
rose (15) (see reaction XII). Fructose 
and glucose are precipitated selectively 
as calcium fructosate and calcium glu- 
cosate, respectively. 


either 


Fructose is re- 
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covered from the calcium fructosate by 
decomposing with a calculated amount 
of sulfurie acid. 

Flavoring Agents. Another commer- 
cially important application of hydroly- 
sis in the utilization of agricultural 
products is in the preparation of flavor 
enhancers, particularly the sodium salt 
of the amino acid, glutamic acid (13). 
This salt, technically known as “ mono- 
sodium glutamate ’’, is sold under such 
trade names as “ MSG”, “ Accent” and 
“Zest”. The salt itself is not a flavor, 
but it seems to have the property of 
bringing out the flavor of certain foods 
such as meats, poultry, fish and vege- 
tables. 

The raw agricultural material for pre- 
paring monosodium glutamate is a pro- 
tein such as casein, wheat or corn gluten, 
soybean meal, or certain waste waters 


concentration, inorganic salts such as 
potassium and sodium chloride come out 
of solution and are removed by centri- 
fuging. The solution is adjusted to the 
proper acidity, cooled and run into erys- 
tallizers where, in about five days, erys- 
tals of glutamic acid form, along with ad- 
ditional crystals of sodium chloride. The 
crystals are separated and purified by 
recrystallization, the pure glutamic acid 
being dissolved in a sodium hydroxide 
solution to form the sodium salt of glu- 
tamie acid, the solution decolorized with 
activated carbon (see under “ adsorp- 
tion”) and finally concentrated in vac- 
uum pans. The concentrated liquid is 
allowed to crystallize and the mono- 
sodium glutamate crystals separated 
from the mother liquor by centrifuging. 
The separated crystals are carefully 
dried in rotary dryers: 


* 
HC CH, 
cw CHCOOH 
| N—H O NH, O 
ae | | 
pyrrolidone  —» HO—CCH,CH,CHC —OH 
carboxylic acid glutamic acid 
O NH,O O NH, 
| ! | 
C —CH,CH,CHC —OuH + NaOH — HO——CCH,CH,CHCOONa (XV) 
monosodium glutamate 
NH, - 
glutamine 
from sugar beet factories. Perhaps An interesting application of hydroly- 


greatest production is from the latter 
source where the amino acid is present 
as glutamine as well as pyrrolidone car- 
boxylie acid, the internal anhydride of 
glutamic acid. The waste waters are 
concentrated to 60% to 70% solids and 
hydrolyzed in steel hydrolyzers with a 
50% solution of sodium hydroxide. The 
hydrolyzed liquor is cooled, acidified 
with hydrochloric acid and again con- 
centrated under a high vacuum. During 


sis is in the preparation of bitter almond 
oil. Commercially, practically all of the 
bitter almond oil is obtained not from 
bitter almonds (Prunus amygdalus) but 
from peach kernels (P. persica). Both 
bitter almonds and peach kernels contain 
a bitter glycoside, amygdalin, and a pro- 
teinaceous substance, emulsin. Emulsin 
has the power of hydrolyzing amygdalin 
to benzaldehyde, glucose and hydrocy- 
anie acid: 


C,oH,,0,,N + 2H,0 —» C,H,O + HCN + 2C,H,,0, (XVI) 


amygdalin 


benzaldehyde glucose 
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Benzaldehyde imparts the character- 
istic odor and flavor to bitter almond oil 
and peach kernel oil. 

In practice, ground peach kernels are 
heated in water to extract amygdalin, 
and the mixture maintained at about 122 
deg. F. so that the emulsin can hydrolyze 
amygdalin. After hydrolysis, the mix- 
ture is steam distilled, the “ bitter al- 
mond oil” being carried over with the 
steam which is condensed by water- 
cooled condensers. The resulting oil con- 
tains benzaldehyde (reaction XVI) and 
from 2% to 4% of hydrocyanie acid. If 
the oil is to be used in medicine, hydro- 
eyanic acid is not removed, but if utilized 
for food purposes this acid must be re- 
moved. This is usually accomplished by 
heating the oil with slaked lime and an 
iron salt, or by treating with sodium bi- 
sulfite. The treated oil is then redis- 
tilled. 


Polymerization 


This unit process, in its simplest form, 
is the association of two or more mole- 
cules to form a more complex molecule 
of higher molecular weight. Thus 1iso- 
prene, obtained from turpentine and of 
comparatively simple molecular struc- 
ture, will polymerize to rubber of com- 
plex molecular structure: 


CH, 
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mereial importance is the polymerization 
of drying oils by heating. In modern 
practice the oils are heated out of con- 
tact with air (either under a vacuum or 
blanketed by nitrogen, carbon dioxide 
or other inert gas) until the desired de- 
gree of polymerization has taken place. 
Oils may be “ bodied ” in this manner to 
any viscosity up to near gelation, ac- 
cording to the end use to which they are 
to be put. The mechanism of the reac- 
tion has been the matter of considerable 
speculation. 

Polymerized oils are extensively used 
in the manufacture of varnishes, enam- 
els and printing inks. They are con- 
sidered superior to raw oils in this respect 
because they dry faster to non-tacky 
films and form harder, more durable and 
glassier surfaces. 

Oils can also be polymerized with sul- 
fur to yield a rubber-like material, called 
“factice”. Elemental sulfur may be 
used, in which case a dark colored fae- 
tice is obtained; or sulfur monochloride 
may be utilized to give a light colored 
factice. Sulfur monochloride polymer- 
ized oils (such as corn, cottonseed and 
peanut) are used as rubber substitutes, 
as well as an extender of plantation rub- 
ber (chiefly Hevea brasiliensis) in cheap 
goods. Such polymers also find use in 


CH, 


| | 
CH, —C —CH —CH, — ...CH,C —CHCH, —CH,C —=CHCH,... (XVII) 


isoprene 


From the molecular structure of rubber 
it is seen that it is made up of isoprene 
units linked head-to-tail. Just how 
many, we do not know. 

In a broad way, any unsaturated 
grouping in a compound, such as 
—C=C—, >C=—C< or C=), acts as 
a polymerizing factor. 

Oils. Polymerization has many uses 
in the utilization of agricultural prod- 
ucts, but space will permit mention of 
only a few. One of considerable com- 


rubber hydrocarbon 


the manufacture of erasers illustrated 
by the “ Artgum” type. Dark colored 
factice obtained by polymerizing oils 
with elemental sulfur finds use in modi- 
fiers for varnishes and linoleums. 
Synthetic Rubber. Perhaps one of the 
most important examples of polymeriza- 
tion is in the preparation of “ Buna-S ”, 
a synthetic rubber also known as “ GR- 
S” (Government Rubber—Styrene). 
This type of synthetic rubber is made 
from butadiene and styrene. The name 
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“ Buna-S ” comes from “ Bu”, the first 
two letters of butadiene, and *“ Na” 


from the chemical symbol for sodium 
which was once used in making the re- 
action take place, but has now been re- 
placed by a soap solution; “S’ 
from styrene. 

Butadiene, prepared from ethyl aleo- 
hol or from petroleum gases, is made to 
react with styrene (obtained by com- 
bining ethylene with benzene and then 
heating) to give Buna-S: 


comes 


CH, —CHCH —CH, + C,H, «CH=CH, > 


butadiene styrene 


...CH,CH =CHCH, —CH,CH —CHCH,—CH,CH —CH,CH —CHCH,... 


UNIT OPERATIONS 133 
lar to natural rubber and is excellent for 
use in tires and mechanical rubber goods. 

Resins. Resins may be obtained by 
polymerizing furfural (C,H;0.CH:Q), 
an aldehyde made by acid hydrolysis of 
pentosans occurring naturally in vegeta- 
ble materials, e.g., corn cobs, oat and rice 
hulls and bran. Oat hulls and corn cobs 
are used commercially. The material is 
moistened with dilute sulfurie acid and 
under pressure while steam is 
being injected. Furfural is separated 


heated 


(XVIID 


C,H, 


Buna S unit 


From (XVIII) it will be seen that 
Buna-S is made up of long chain mole- 
cules with the second component (C¢H;) 
incorporated at various intervals. Thus 
Buna-S is a copolymer because a large 
number of molecules of one compound 
(butadiene) combine with those of an- 
other (styrene) to form a huge mole- 
cule. 

In practice, 71 parts of butadiene are 
emulsified with 29 parts of styrene in 
the presence of an emulsifying agent, 
e.g., soaps of fatty or rosin acids, and 
copolymerized by a catalyst consisting 
of a peroxide or persulfate. Dodecy] 
mereaptan may be used as a modifying 
agent to prevent the copolymer from be- 
coming tough and difficult to handle. 
Polymerization is stopped at 70% to 
80% conversion by addition of an in- 
hibitor, such as hydroquinone. A 
bilizer, usually phenyl-beta-naphthyla- 
mine, is added in dispersed form, and 
unreacted butadiene and styrene are re- 
moved by boiling off or by steam distil- 
lation. The latex thus obtained is 
blended and coagulated with salt-acid, 
or alum, and washed, pressed, dried and 
packed in 75-pound bales. 

Buna-S is vulcanized with sulfur simi- 


sta- 


from the condensed vapors by distilla- 
tion. Furfural polymerizes slowly on 
standing, but the reaction can be greatly 
accelerated by heat or the presence of 
catalysts. Such polymers are semi-solid 
or solid, depending upon the extent of 
polymerization. Furfural may be con- 
densed with phenol to yield a molding 
resin (Durite). 

Other Polymerization. Turpentine can 
be polymerized by prolonged heating 
either alone or with aluminum chloride, 
zine chloride or Fuller’s earth. Poly- 
merized turpentine or terpenes obtained 
from turpentine find use in the prepara- 
tion of drying oils, binders for printing 
inks, and in the formation of adhesives. 


Precipitation 


Precipitation involves the separation 
of a substance from a solution usually 
because of some chemical change. Men- 
tion has already been made of the 
precipitation of calcium lactate (see for- 
mula VIII) and calcium citrate (see for- 
mula X) in the preparation of lactie and 
citric acids. 

Sugar. Oi considerable commercial 
importance is the recovery of sugar from 
beet molasses by precipitation as cal- 
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This is known the 

It is the wash waters 
from this process that serve as one of 
the raw materials for the manufacture 
of monosodium glutamate under 
“ Hydrolysis ’’). 

In carrying out the Steffens process, 
water is added to the beet molasses until 
it contains about 7% sugar, and lime is 
added which combines with the sugar in 
preference to the water: 


cium sucrate. 
Steffens process. 


as 


(see 


3CaO + C,,H,,0,, 


sucrose 


The crude sucrate is filtered off, washed 
and reduced to a milky consistency with 
hot water. Carbon dioxide is then bub- 
bled through to give sucrose and calcium 
earbonate. The latter, being insoluble, 
is removed by filtration: 

3CaO - Cy2H220, + 3CO» 

— 3CaCOs3 + CyoH220;,; (XN) 

Sucrose is in solution and is recovered by 
evaporating in vacuum pans to obtain 
crystalline sucrose. 

Pectin. Precipitation is used in the 
preparation of pectin from citrus peels. 
Probably about six million pounds of 


C,,H,,N,Mg(COONa), + 5HC1 —> C,,H,,N,H,(COOH), 


sodium magnesium 
chlorophyllin 


pectin are produced annually in the 
United States from waste citrus peel and 


apple pomace. After the pectin has been 


C,,H,,N,H,(COOH), + Cu(C,H,0,), -H,O — C,,H,,N,Cu(COOH), 


copper acetate 


extracted from the peels, it may be pre- 
cipitated from the solution by adding al- 
cohol (ethyl, isopropyl alcohol or spe- 


C,,H,,N,Cu(COOH), + 3NaOH — C,,H,,N,Cu(COONa), 


cially denatured ethyl) until the solution 
is about 70% alcohol. Pectin is insolu- 
ble in this concentration of alcohol and 
is, therefore, precipitated and recovered 
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by filtration. Or the pectin may be pre- 
cipitated as an aluminum complex by 
adding aluminum chloride and sodium 
carbonate, or aluminum sulfate and am- 
monium hydroxide. The complex ob- 
tained has a dirty green color and is 
known as Pectin is re- 
covered by washing the complex with 
acidified aleohol, thus converting the 
aluminum hydroxide in the complex to 
aluminum chloride which is subsequently 


(XIX) 


“ green pectin ’ 


tricalcium sucrate 
removed by washing with alcohol, leav- 
ing the pectin behind. 

Chlorophyll. 
chlorophyll 


Tremendous amounts of 
(as sodium copper chloro- 
phyllin) are used in the preparation of 
deodorizers. Its 
has 


this 
questioned (1). 
Commercially, chlorophyll is extracted 
from alfalfa, and to a lesser extent from 
broccoli, by means of acetone or other 
suitable solvent (24). The dried extract 
is saponified with sodium hydroxide, 
yielding sodium magnesium chlorophyl- 
lin. This is acidified with hydrochloric 
acid giving insoluble chlorophyllin: 


effectiveness in 


connection been 


(XXII) 
chlorophyllin 


This is dissolved in acetic acid contain- 
ing copper acetate, giving copper chloro- 
phyllin which is insoluble in water: 


(XXID 
copper chlorophyllin 


To convert copper chlorophyllin to its 
water-soluble sodium copper salt, it is 
treated with sodium hydroxide: 


(XXII) 
sodium copper chlorophyllin 
Saponification 


This term implhes the conversion of an 
ester into an alcohol and a salt, but more 
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commonly, conversion of fats into soaps. 
The latter may be illustrated by the fol- 
lowing equation: 


C,,H,,COOCH, 


| 
C,,H,,COOCH +3NaOH —> 3C,,H,,COONa + CHOH 


C,,H,,COOCH, 


fat 


Potassium hydroxide may be substi- 
tuted for sodium hydroxide to yield so- 
called “soft soaps”. From XXIV it 
will be seen that the sodium hydroxide 
unites with the fatty acid radical to form 
the soap which is a sodium salt of the 
fatty acid. The glycerol is a by-product 
which is recovered by most soap manu- 
facturers. 

In commercial practice, common fats 
or oils (such as tallow, palm oil, tallow 
oil, or coconut oil) are placed in steel 
tanks, heated to boiling and sodium hy- 
droxide gradually added (14). Live 
steam keeps the mixture bubbling while 
more sodium hydroxide is added until 
saponification is complete. The experi- 
enced soap boiler can follow the reaction 
by the character of the sound of the 
splashing soap in the tank. When 
saponification has been completed, a 
sample of the cooled mixture will give a 
flaky, shiny piece of soap. Since soap is 
almost completely insoluble in concen- 
trated solutions of salt, common salt is 
added to free the soap from glycerol and 
water, a process known as “ graining ”’ 
Glycerol is a by-product and, since it is 
more soluble in alkali than in soap, is 
largely removed with the lyes and brines, 
further amounts being removed by wash- 
ing the soap. Glycerol is subsequently 
recovered by evaporating these solutions 
and refining by distillation. Soap, being 
lighter than the salt solution, will rise 
to the top where it is skimmed off 
through a swing pipe. The soap thus 
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obtained must be finished by adding 


fillers and scenting materials, followed 


by molding, cutting and drying. 


CH,OH 
(XXIV) 


CH,OH 
glycerol 


One method of preparing vitamin A 
concentrate from fish-liver oils involves 
saponification of the oil (22), in which 
the triglycerides of the oil are split into 
glycerol and fatty acids. The latter are 
then combined into soaps. Unsaponi- 
fiable material containing vitamin A is 
separated by means of solvents. 


Sulfonation 


Strictly speaking, this term is defined 
as the process whereby the union of the 


group 


to carbon or nitrogen of an organic com- 
pound is brought about. 

Although sulfonation is used exten- 
sively in organic synthesis, its most im- 
portant application in utilization of 
agricultural products is in the prepara- 
tion of sulfonated oils and fatty acids. 
Such products are of value in preparing 
wetting and emulsifying agents useful in 
the textile industry. Actually, such com- 
pounds are sulfates, and direct carbon 
to sulfur linkage of true sulfonated com- 
pounds are produced in only minor 
amounts. Such fatty acids or oils are 
treated with sulfuric acid which will add 
to the carbon-carbon double bonds: 
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—CH,CH, —CH —CH, —+H,SO, — CH,CH,CH —O—SO,OHCH, (XXV) 


| 
OSO, —OH 


fatty acid 


In the manufacture of sulfonated oils 
(actually sulfated), the oil is cooled be- 
low 104 deg. F., then sulfuric acid slowly 
added with stirring. After allowing to 


CH30OH + 
methy| salicylic 
alcohol acid 


stand, a solution of sodium sulfate or 
brine is added to remove excess acid. 
The mixture will separate into two lay- 
ers, after which most of the acid is with- 
drawn and the residual oil carefully 
neutralized with ammonia or sodium 
hydroxide. A well known and very old 
sulfonated oil is Turkey-red oil, a sul- 
fonated castor oil. 

Sulfated oils are not good detergents, 
but they have the advantage over soaps 
of being effective in acid solutions. They 
are also less sensitive than soap to hard 
waters. 

Synthesis 

Synthesis, in general, comprises a re- 
action or a series of reactions in which a 
complex compound is obtained from sim- 
pler compounds. Probably this should 


sulfonated fatty acid 


simple synthesis is that of methyl] salicy- 
late (wintergreen oil), the fragrant prin- 
ciple of wintergreen (Gaultheria 
cumbens): 


pro- 


(xxvi) 
IH 
HLSOx +H. 
H Hs 
methy| 
salicylate 


A more complex synthesis is that of 
pL-menthol from limonene, comprising 
seven steps. Limonene, a constituent of 
turpentine and citrus oils, can be re- 
covered from these sources by distilla- 
tion. 

Another example of synthesis is the 
preparation of vanillin from eugenol. 
Vanillin is the fragrant constituent of the 
extract of vanilla beans (Vanilla plani- 
folia). It is an important ingredient of 
artificial flavors. Eugenol is a constitu- 
ent of oil of cloves obtained by distilling 
the dried flower buds of the clove tree 
(Eugenia aromatica), an evergreen. In 
one process of synthesizing vanillin, 
eugenol is boiled with potassium hydrox- 
ide to give isoeugenol which is subse- 
quently acetylated and oxidized under 
mild conditions to yield vanillin: 


"2 KOH M8 oxidation He 
followed by “and (xxvii) 
acetylation hydrolysis 

H=CH, H= CHCH3 iO 
eugenol leoougencs vanillin 


not be considered as a unit process be- 
cause all unit processes are really meth- 
ods of synthesis. 


Flavoring Agents. A comparatively 


Vanillin can also be synthesized from the 
lignin in the waste liquor of sulfate pulp 
mills. Most of the present commercial 
production of vanillin is from this source. 
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Several vitamins are also 
produced by synthesis. Synthesis of 
vitamin C has already been mentioned 
(Fig. 3). A precursor of vitamin Ds, 
7-dehydrocholesterol, can be synthesized, 
using cholesterol as a starting material. 
Cholesterol oceurs in all tissues of the 
animal body and is produced commer- 
cially from the spinal cord of cattle. 


Vitamins. 


heated in vacuo, yielding 7-dehydro- 
cholesterol benzoate, and upon subse- 
quent saponification 7-dehydrocholes- 


terol is obtained. 
Unit OPERATIONS 
Adsorption 


This unit operation involves the ad- 
hering of molecules to the surface of 


CHO CH2OH CH2OH 
(CHOH), poor > HCOH P O : 
rogen lac/eria, acetone 
bH,0H ‘ ae?” HOCH oxidation . “4 plus sulfuric? 
H OH H acd 
D-glucose H GOH OCH 
H2OH H2OH 
D-sor biTol L- Sorbose 


diacetone L sorbose 


t 


heat uth | 
dilute a H— 
. —, HO-C-+H 


H2OH 


L-ascorbic acid 


Fic. 3. 


Large quantities are also available from 
wool fat. In the synthesis of 7-dehydro- 
cholesterol, first accomplished by Win- 
daus and his co-workers (26), choles- 
terol is treated with acetic acid to give 
cholesterol acetate which is then oxidized 
with chromic anhydride, yielding 7-oxy- 
cholesterol acetate. Upon reduction with 
aluminum isoproxide, 7-hydroxycholes- 
terol is obtained, which, when treated 
with benzoyl chloride, gives 7-hydroxy- 
cholesterol benzoate. This compound is 


OOH 
Potassium H3 heat * HO 
H 3 Permanga le 
Plus polassiin J Hs H COH 
4, aeude >on HOCH 
3 y 3 H2OH 


diacetone~2-keto— 
L- gulonic acid 


2-keto- L- qulonic 
acid 


Synthesis of vitamin C from glucose. 


solids or liquids in thin films. The phe- 
nomenon is difficult to define or limit 
because there are cases where adsorption 
is similar to chemical reaction (in fact, 
it often takes place where any chemical 
reaction could hardly be expected), but 
in extreme cases it is very different. 
Adsorption is utilized in decolorizing 
refined sugars. The colored sugar liquors 
are treated with bone char, boneblack or 
activated carbons. These charcoals and 
carbons have the ability of actually ex- 
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tracting molecules of impurities from the 
sugar liquors by collection and concen- 
tration of them on the solid interface of 
the carbon particles. As much as 80% 
or more of all coloring matter in the 
sugar liquors can be removed by adsorp- 
tion in this manner. 

Purification of sugar juices has been 
carried out by ion-exchange resins. In 
addition to removing mineral impurities 
almost completely, they also adsorb a 
good deal of non-sugar and non-mineral 
constituents of the juices. 

Adsorption is used in bleaching of ani- 
mal and vegetable oils where not only 
active carbons are utilized but also vari- 
ous earths and clays consisting basically 
of hydrated aluminum silicate. These 
materials remove pigments which are 
either dissolved in the oil or present in 
the form of very finely dispersed parti- 
cles and traces of soap formed during the 
refining process (2). 

Nearly 50 years ago M. Tswett, a 
Russian botanist, found that when a 
solution of plant pigments was poured 
through a column of limestone in a glass 
tube, a series of distinct colored bands 
was obtained. “ Like the light radia- 
tions in the spectrum, so is a mixture of 
pigments systematically separated on the 
‘valcium carbonate column into its con- 
stituents which can then be qualitatively 
and quantitatively determined ” (23). 
This separation is due to selective ad- 
sorption, although full explanation is not 
so simple as that. 

Selective adsorption (chromatography ) 
is applied commercially in obtaining 
chlorophylls, xanthophylls and caro- 
tenes from alfalfa (17), and shows prom- 
ise in preparing terpeneless essential oils 
(10) which have better keeping qualities 
than oils containing terpenes. 

Adsorption is applied in the purifica- 
tion of air in storage rooms of ware- 
houses and in the attempt to control 
apple seald (21). Air is passed through 
a canister containing activated carbon 
(1.5 pounds per 250 bushels of fruit) at 
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the rate of about 25 cubic feet per min- 
ute. Foul odors from the and 
ripening gases evolved by the apples are 
adsorbed by the activated carbon. 


room 


Centrifugation 


This unit operation involves the sep- 
aration of a solid from a liquid or a 
liquid from a liquid by means of cen- 
trifugal force. It is carried out in a ma- 
chine called a centrifuge, of which there 
are several types. 

Sugar. In the preparation of sugar 
from cane or beet, the massecuite from 
the vacuum pans is separated in centri- 
fuges, large perforated baskets, about 40 
inches in diameter and two feet deep, 
backed with fine brass or stainless steel 
screens, revolving at high speeds. As 
the dark sirupy mixture of molasses and 
sugar crystals is spun in this basket cen- 
trifuge and the molasses thus removed, 
the load turns lighter in color, and as a 
jet of water is played into the basket 
washing off still more molasses, the sugar 
crystals become nearly white. When 
the machine is braked to a stop, plows 
loosen the washed crystals from the sides 
of the basket and the charge is dumped. 
Several hundred pounds of sugar can be 
produced in each cycle. 

Oils. Centrifugation finds use in the 
refining of vegetable oils because there 
is less loss in this method than in the 
batch method. Centrifugal refining em- 
ploys hollow bowl or dise-bow] centri- 
fuges. Briefly the method consists of 
adding a calculated amount of caustic 
soda to the crude oil, steaming the emul- 
sion of lye and oil, and then separating 
the refined oil and soapstock in high- 
speed centrifuges. The oil is washed 
with water and again centrifuged to sep- 
arate the water and dissolved soap from 
the washed oil. The entire time elapsing 
between introduction of the lye and sep- 
aration of soapstock is only about three 
minutes. 

In the preparation of cold-pressed cit- 
rus oils, an emulsion of oil and water is 
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obtained. The only practical method 
of breaking this emulsion and separating 
oil from the water is by centrifuging. In 
practice the oil emulsion is passed 
through a centrifuge with two discharge 
spouts. Oil issues from one spout, while 
water comes from the other. 

Cream. An example of liquid-liquid 
centrifugation is the separation of cream 
from milk. Cream is an emulsion of 
butterfat in milk, and whole milk may 
contain from 3% to 6% butterfat. To 
separate from whole milk, the 
latter is fed into a centrifuge built with 
two liquid discharges at different radi 
suitable for small differences in specific 
gravities. The concentration of butter- 
fat in the liquid discharges can be con- 
trolled by adjustments. Centrifugal 
separation can produce a cream with a 
butterfat content of any desired value 
from about 15% to 60% with a negligible 
loss in the skimmed milk. 

Blood. Blood plasma and hemoglobin 
may be obtained from the blood of beef 
cattle in a sanitary manner, using cen- 
trifugation as one step in the process. 
Whole collected from the 
“knocked ” animal by means of a spe- 
cial slaughtering knife and allowed to 
flow into a receptacle containing an anti- 
coagulant, usually sodium citrate. The 
whole blood is then centrifuged to sep- 
arate the red blood corpuscles, techni- 
cally called “ hemoglobin” or “ dark 
blood albumin ”, from the plasma. The 
hemoglobin fraction from the centrifuge 
contains from 28% to 33% solids, while 
the plasma portion contains 9% solids. 
This centrifugal separation yields about 
40% hemoglobin and 60% plasma. The 
hemoglobin fraction is spray dried; the 
plasma fraction is defibrinated, concen- 
trated in vacuo and then spray dried. 


cream 


blood is 


Dehydration and Drying 
As a unit operation, dehydration may 
be defined as the removal of water from 
a solid under more or less carefully con- 
trolled conditions as to temperature and 
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humidity; drying implies the removal of 
water from a solid under conditions that 
are not so closely controlled. 

Since vaporization of water is the most 
expensive method of dehydration or dry- 
ing, in many cases as much water as pos- 
sible is removed by pressing, centrifug- 
ing or other mechanical methods before 
drying by vaporization is employed. 
For example, in the drying of citrus 
waste for cattle feed, the waste is pressed 
as dry as possible before entering the 
dryer proper. 

Many agricultural products are dehy- 
drated or dried for the purpose of pro- 
longing their storage life and reducing 
their bulk for convenience in shipping 
and Fruits, such as peaches, 
apricots, apples, dates, figs and pears, 
are sun-dried or dehydrated in tunnel 
dryers using heat; prunes and cran- 
berries are not sun-dried, but dehydrated 
in tunnel dryers. Vegetables—white 
potatoes in the form of dices or granules, 
carrots, cabbage, peppers, greens, onions, 
garlic, sweetpotatoes, beets—are dehy- 
drated commercially. Dairy produects— 
whole milk, cream, non-fat milk solids, 
whole eggs, egg yolk, egg albumen, but- 
ter, whey, buttermilk—are also dehy- 
drated. Practically all of these dehy- 
drated and dried products undergo 
varying degrees of deteriorative changes 
during storage, according to the nature 
of the product and storage conditions. 

Another method of dehydrating is by 
freeze drying or lyophilization. In this 
method the material is first frozen, then 
“bled ” of its water content under a high 
vacuum. The method is used primarily 
for dehydrating heat-labile substances, 
such as toxins, antibiotics, viruses, bac- 
teria, hormones, blood, serums and 
plama. 

Drying is also resorted to in the sal- 
vaging of canning and field wastes in 
order to increase returns to the canner 
and to prevent stream pollution and pub- 
lic health nuisances. Thus pea vines, 
tomato, pear and citrus cannery wastes 


storage. 
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are dried for cattle feed; leafy field 
wastes may also be dried for feeds if 
such waste is sufficiently concentrated in 
areas where it would be profitable to dry 
them. 

Alfalfa, probably the most important 
forage crop grown in the United States, 
is dried in high temperature rotating 
drum-type dryers in the preparation of 
alfalfa meal. Probably about 4% of the 
total tonnage of alfalfa is converted to 
meal. 


Distillation 


Broadly speaking, this is a process of 
separation based on the difference in 
composition between a liquid and vapor 
formed from it (16). Distillation was 
an early art, and the old alchemists 
stressed it as one of the processes neces- 
sary in the preparation of the philoso- 
pher’s stone. 

There are several types of distillation 
that may be applied in the utilization of 
agricultural products. In simple distil- 
lation heat is applied to vaporize a liq- 
uid, the vapors being condensed and col- 
lected. Such a process is effective in the 
recovery of an organic volatile solvent 
from mixtures containing non-volatile 
substances, as in the recovery of hexane 
from extracted soybean oil, or recovery 
of turpentine from pine gum. 

When it is necessary to separate two 
or more volatile solvents, fractional dis- 
tillation must be used. In this process a 
column provided with suitable plates 
and bubble caps or packing is attached 
to the still. The degree of success in 
separating a mixture by fractional dis- 
tillation is related to the efficiency of 
this column which is designed in accord- 
ance with precise mathematical calcula- 
tions. In general, the goal of fractional 
distillation is to obtain the components 
of the mixture in pure form or to recover 
at least one of the components virtually 
pure. Fractional distillation is used in 
recovering ethyl alcohol from fermented 
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molasses and grain mashes, and in the 
separation of butyl alcohol and acetone 
in a carbohydrate mash fermented with 
Clostridium acetobutylicum; in solvent 
recovery; purification of certain essen- 
tial oils; and a wide number of other 
applications. 

In some instances the product being 
recovered will deteriorate if distilled at 
ordinary atmospheric pressures. There- 
fore distillation is carried out in a vae- 
uum. In this manner the boiling point 
is lowered, and the chemical changes of 
oxidation, pyrolysis, condensation and 
polymerization are thereby avoided or 
greatly diminished. Fatty 
covered from oils are invariably distilled 
under reduced pressure, and such distil- 
lation may or may not be fractional. 
Purification of certain essential oils 1s 
carried out by vacuum distillation, and 
in this way easily oxidized bodies, for 
example, terpenes, can be removed with 
little injury to the odorous constituents. 
Such deterpenated oils are considered 
more stable than oils containing terpenes. 

In molecular distillation (6, 7) very 
high vacua, in the order of one-millionth 
of an atmosphere, are used. In this 
process it is important that a major pro- 
portion of the molecules distilling from 
the liquid pass directly to the condenser 
without returning to the liquid again. 
The design of equipment capable of ful- 
filling this condition calls for large evap- 
orating and condensing surfaces with 
very short distance of separation. Mo- 
lecular distillation is particularly well 
adapted to handling materials easily 
heat-damaged because heating is during 
only a very short period and the tem- 
peratures required are very much lower 
than for conventional distillation. Mo- 
lecular distillation has been found useful 
in recovering antioxidants (tocopherols) 
from vegetable oils, and in producing 
vitamin A concentrates from fish liver 
oils. The technique has also been used 
to produce monoglycerides of great pur- 


acids re- 
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itv from mixtures of mono-, di- and tri- 
glycerides resulting from the treatment 
of fats with an excess of glycerol (see 
under “ esterification”). Monoglycer- 
ides are useful as emulsifiers and wetting 
agents. 

In steam distillation, which always in- 
volves a water phase, the distillation 
temperature never exceeds the boiling 


Fic. 4. 


water at the pressure used, 


Steam 


point of 
which is usually atmospheric. 
distillation is widely employed, in the 
recovery of many volatile oils and tur- 
pentine. As an example, about 1.5 mil- 
lion pounds of peppermint oil are pro- 
duced annually in the United States by 
steam distilling flowering mint (Mentha 
piperita) (19). The harvested mint is 
partially cured in swaths and_ then 
loaded into a retort constructed of ce- 
ment or galvanized iron. 
has been placed on the retort, steam is 


After the cover 
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admitted, the mixture of steam and oil 
being condensed and collected in re- 
ceivers. The oil floats on the surface of 
the condensed steam in the receivers 
where is it readily separated. 


Extraction 


This unit operation is sometimes di- 


vided into three operations: (a) mixing 


Vacuum pans used for evaporating citric acid liquor in the preparation of citric acid 
from lemon juice. 


and bringing the material to be extracted 
into intimate contact with the solvent; 
(b) separating the resulting phases or 
layers; (c) recovering the solvent for 
reuse, 

There are several techniques used in 
extraction, for example, multiple contact, 
single contact, counter-current multiple 
contact, continuous counter-current con- 
tact and counter-current with reflux. 
Single contact extraction is not used 
commercially because of its inefficiency. 

Solvent extraction is the most efficient 
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method for oil recovery from oil-bearing 
material. Of all the common oils seeds, 
soybeans are solvent extracted most 
vasily, and about 50% of the soybeans 
processed are solvent extracted. Meth- 
countercurrent multiple 
countercurrent 


ods used are 
contact and continuous 
contact. 

Sugar is obtained from sugar beets by 
a countercurrent extraction process. 
Beet slices, called ‘“ cossettes”’, are 
packed into cylindrical iron vessels about 
six feet in diameter and ten to 15 feet 
high, and arranged in batteries of from 
14 to 21. The effluent from one vessel 
is passed to a more freshly filled vessel, 
and so on down the line, fresh water 
being fed to the vessel containing the 
most exhausted cossettes. Since the en- 
tire extraction process is a steady one, 
at least one vessel in each battery must 
always be out of service, being emptied 
or filled. Recently, continuous extrac- 
tors have been designed, in which cos- 
settes are loaded onto a carrier which 
transports them through a series of tanks 
against a reverse flow of warm water. 

In the production of penicillin the 
antibiotic is in the liquid medium after 
the mold mat has been removed. Peni- 
cillin is removed from the medium by 
extraction with a solvent relatively in- 
soluble in the medium. Such extraction 
is carried out in a liquid-liquid counter- 
current extractor. This piece of highly 
specialized equipment may be visualized 
as a tray tower with the trays wrapped 
around a shaft and then rotated to de- 
velop a centrifugal force to replace the 
force of gravity of the old-type tray 
tower extractor. 

One of the first operations in the prep- 
aration of vanilla extract is to extract 
the vanilla beans themselves. The 
chopped beans are extracted with the 
solvent, generally 47-55% ethyl alcohol, 
in a glass-lined tank, the upper part of 
which contains the beans through which 
the solvent is allowed to flow. A pump 
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is provided to recirculate the extract 
again through the beans. The 
dure appears at first sight to be simple, 
but long experience is necessary to ob- 
tain not only a high yield but the finest 
flavor from the beans. 

Extraction may be used in making de- 
terpenated essential oils. Terpenes are 
removed by vacuum distillation, and 
then sesquiterpenes (which cannot con- 
veniently be distilled) are removed by 
extracting with different concentrations 
of alcohol by a liquid-liquid extraction 
technique. 

Tomatin, an antibiotic agent present 
in the cultivated tomato plant and capa- 
ble of inhibiting certain fungi pathogenic 
to plants and animals, may be obtained 
by extracting dried tomato plants with 
hot methyl alcohol. Rutin, a glycoside 
believed to have “ vitamin P ” activity, 
is obtained commercially by extracting 
dried buckwheat with hot dilute isopro- 
pyl alcohol. 


proce- 


Filtration 


Filtration may be defined as the sep- 
aration of solids from a liquid by pass- 
ing the liquid through a porous medium, 
usually a textile such as canvas; fine 
mesh wire and paper pulp may also be 
used. The solids are retained upon the 
surface of the medium as a cake. In 
some instances materials to be handled 
are slimy or the particles so small as to 
go through the porous medium. In these 
cases filtering aids, which are so little 
affected by solutions and free filtering 
and are of such low specific gravity that 
they will readily stay in suspension, are 
used to precoat the filtering medium. 
Although filtration has developed more 
as a practical art than as a science, the 
mathematical aspects of its operation 
have occupied the attention of a few 
chemical engineers. 

Filters are usually grouped under four 
categories: (a) gravity filters, (b) pres- 
sure filters, (c) intermittent vacuum fil- 
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ters, and (d) continuous vacuum filters. 
Of these, pressure filters of the plate 
and frame type, and continuous vacuum 
filters are most commonly used. 

Recovery of dissolved sugar from beet 
juice and production of sugar from sugar 
‘ane require the use of filters. Continu- 
ous vacuum filters are employed because 
of the economies gained over the old 
pressure filters in mills prior to about 
1926. 

Filtration is an important unit opera- 
tion in the preparation of pectin from 
citrus peels and apple pomace. Pectin 
extracts are clarified by filtration, and 
the precipitated pectin removed by fil- 
tration. In the field of food production 
nearly every product undergoes filtration 
at some stage. 


Other Operations 


It has been possible in the foregoing 
account to discuss but a few of the unit 
operations important in the utilization of 
agricultural products. Mention should 
be made, however, of: 

Size Reduction. This includes crush- 
ing (e.g., flour milling and milling of 
sugar cane), grinding (citric acid, coffee, 
spices, cocoa, feeds), maceration (to- 
matoes and apples for juice), pulping 
(apricots, peaches, bananas for purees), 
flaking (oilseeds for extraction, prepara- 
tion of breakfast cereals). 

Mechanical Separation. Includes sift- 
ing (flour milling, sugar refining), flota- 
tion (cleaning of peas, lima beans, corn), 
air separation (separation of chaff from 
seeds, spray drying of milk, drying citrus 
wastes for feed), gravity grading (sep- 
aration of floaters from sinkers in brine, 
for potatoes, peas, ete.). 


Mixing. This includes dissolving 
(melting of raw sugar for refining), 
blending (mixing variable batches to 


standardize quality, in many food prod- 
ucts), dispersing (e.g., applying anti- 
oxidants to alfalfa by means of a fog 
spray), homogenizing (preparation of oil 
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emulsions, and of whole fluid milk with- 
out a cream line). 

Evaporating. This includes the many 
examples of concentrating liquids by 
evaporation and is used in beet and cane 
sugar preparation, manufacture of citric 
and lactic acids, fruit juice concentrates, 
soluble coffees, evaporated milk. 

Materials Handling. One authority 
has said that a material cannot be 
picked up from a pile and set down in 
another pile alongside the first at a cost 
of less than 50 cents per ton. 

Others. Finally there is a host of other 
unit operations (tabling, crystallization, 
packaging, sedimentation, humidification 
and dehumidification, refrigeration, card- 
ing, combing, spinning, weaving, fur- 
nishing, paper forming, staking), all of 
which are used by the chemist and 
chemical engineer at some time in the 
utilization of agricultural products. 
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Ginseng. 
is a fleshy-rooted herb native to the northern 
and eastern parts of the United States. It 
grows 8 to 20 inches tall in hardwood forests 


Ginseng (Panar quinquefolium ) 


and is characterized by three or more pal- 
mately compound leaves, small greenish-yel- 
low flowers, crimson berries and, important 
economically, a spindle-shaped root, two to 
four inches long. The Chinese and Koreans 
have long attributed medicinal qualities to 
the roots, and as early as the first part of 
the last century, American roots, collected in 
the wild, were exported to satisfy their de- 
mand. 
in the area extending across the northern 
part of the country from Maine to Minne- 
sota, and in the Appalachian Mountain 
region. 

In the 1880’s attempts were first made to 
cultivate the plants, and since 1900 a large 
part of the ginseng production has shifted 
from forest areas to specially prepared gar- 
dens. Such cultivated areas have never been 
extensive, and in Wisconsin, where the largest 
plantings have been in recent years, less than 


Production of wild roots was greatest 


20. Smith, L. T., et al. Pyrolysis of lactic acid 
derivatives. Ind. Eng. Chem. 34: 473- 
479. 1942. 

21. Smock. R. M., and Southwick, F. W. 
Studies on storage scald of apples. Cor- 
nell Univ. Agr. Exp. Sta., Bull. 813. 39 
pp. 1945. 

Tressler, D. K., and Lemon, J. MeW. 
Marine products of commerce. pp. 516, 
1951. 

23. Tswett, M. [Quoted by Zechmeister, L., 
and Cholnoky, L., in “ Principles and 
Practice of Chromatography ”. 1943]. 

24. Wall, M. E. Preparation of chlorophyll 
derivatives for industrial and pharma- 
ceutical use. U.S. Dept. Agr., Bur. Agr. 
& Ind. Chem., AIC-299. 7 pp. 1951. 

Wehmer, C. Préparation d’acide citrique 
de synthése, par la fermentation du glu- 


to 
i) 


to 
wr 


cose. Compt. Rend. Acad. Sci. [Paris] 
117: 332. 1893. 
26. Windaus, A., et al. Ueber das 7-dehydro- 


cholesterin. Ann. 520: 98-106. 1935. 


Abstract 


100 acres have been devoted to the crop. 
Smaller acreages were in operation in Arkan- 
sas, Minnesota, North Carolina, Oregon, 
Pennsylvania and Washington in 1949. 

“ During World War II there was practi- 
eally no export of roots but in 1946 ship- 
ments increased to 185,876 pounds, which 
was about the level of prewar exports. A 
downward trend in exports started in 1947 
and continued through 1951, when only 
76,999 pounds were shipped. The declared 
value of exported roots ranged between $10 
and $12 per pound from 1945 through 1950 
and reached $17.57 in 1951 ”. 

“The market for ginseng is small and the 
industry affords an opportunity for only a 
limited number of growers. A yearly pro- 
duction of 100,000 pounds, which was the 
approximate level of exports for the period 
1947-50, can be obtained on fewer than 100 
acres. This would represent total plantings 
of no more than 500 to 600 acres, since at 
least six years are required to grow market- 
able roots from seed”. (U.S. Dept. Agr., 
Farm. Bull. 1184, rev. 1953). 
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The Vanishing White Mulberry of 


Northern Greece 


The ancient land of Macedonia once had a silk industry, 
and mulberry trees were cultivated to feed the silk 
worms, but today only a remnant of the industry sur- 
vives and decapitated but still living trees bear witness 
of their former importance. 


A. KROCHMAL 1! 


Hidden away in northern Greece, in 
the ancient province of Macedonia, near 
Thessalonica, are the rapidly vanishing 
remnants of a once numerous tree, 
Morus alba L. In this remote area are 
about 112,000 white mulberry 
many of them 150 years old. 

Planted originally to serve as a source 
of food for the silkworm in the village 
silk industry, the usefulness of the trees 
has been diminishing with the advent of 
artificial fibers. Within the past five 
years there has been better than a 20- 
percent decrease in the number of trees 
growing. 

Most of the farmers are reluctant to 
pull out these patriarchs and do so only 
when they are badly diseased or very 
old, hoping that perhaps something will 
oceur that will revive their industry and 
make the remaining trees once again of 
value. No new trees are set out to re- 
place those removed, and such land is 
usually put into orchards of apples or 
peaches. The trees, no longer providing 
food for silkworms, are now used to fur- 
nish limited feed for the village goats 
and sheep. 


trees, 


1Formerly Fulbright Professor of Agricul- 
ture, American Farm School, Salonica, Greece. 
(Science Instructor, State University of New 
York, Agricultural Institute, Delhi). 

“The author is deeply indebted to Mr. J. 
Boudouroglou, of the American Farm School 
faculty, for his many kindnesses in accompany- 
ing the author to villages and interpreting for 
him. 


Cultivation of silk has been known in 
Greece since about the fourth century 
B.c., When the philosopher Aristotle com- 
mented that a certain wild worm was fed 
on the leaves of what we now regard as 
species of Quercus and Cupressus L. on 
the Island of Co, near the Island of 
Rhodes, to produce silk of a light and 
semitransparent quality. Sometime after 
that the cultivation of native species of 
Morus began and continued for 
many centuries in the ancient empire of 
Byzantium. 

Thus, when in 555 a.v.2 two Greek 
monks smuggled silkworm from 
Persia to Greece in hollowed-out walk- 
ing sticks, the industry spread rapidly, 
as there was a readily available supply 
of mulberry trees to feed the worms. 

Until World War II the industry 
flourished; now it is rapidly declining. 
In the vicinity of the village of Basilica, 
near Salonica, where the material for 
this article was collected, the villages are 
planting spinach between the rows of 
mulberry trees. The yields are low, but 
most of the people are very reluctant to 
remove the trees. It seems a sharp 
break with the past. 

At the height of the production of silk 
there were a good many specialized 
farmers who produced young trees in 
nurseries. They collected fruit of the 
wild mulberry in May or June, washed 
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eggs 


3 Greek Encyclopedia, Vol. 17: 55. 
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them well in cheese-cloth bags to remove 
the pulp, dried the seeds and stored them 
until the following spring. Cuttings were 
never used as a means of propagation, as 
the nurserymen found they were able to 
get no better than ten percent to root. 
The seeds were sown in beds in March 
or April, and kept there for one or two 
At the 


were examined, and those bearing deeply 


years. one year of trees 


age, 
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stripped from the branches; recently 
entire branches have been cut at the end 
of March or beginning of April. This 
once-a-year cutting is the only pruning 
the trees ever receive; as a result they 


odd with thick 


abruptly ending trunks having a small 


present an appearance 
crown of small thin branches. 

Although is very 
strong and of good quality, little use is 


mulberry wood 
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Fic. 1. An orchard of 150-year-old mulbe 
Basilica, Macedonia, in northern Greece. 


serrated leaves were top-worked to a 
variety with relatively entire leaves, as 
the maximum of leaf area was desired 
for worm-feeding. Leaves were also de- 
sired that had a low moisture and fiber 
content. Until very recently the Athens 
Botanical Garden had been working on 
this particular problem. 


When the trees were set out in the 
field, they were spaced from 12 to 16 
feet apart on a square system. At the 


beginning of the century the leaves were 


rry trees (Morus 


alba L.) near the village of 


made of it in this wood-searce land. 
While sitting in a village cafe, I asked a 
Greek peasant what he made of his mul- 
berry trees he cut down. His reply was 
“Fire”. In a few instances peasants 
make oxen-yokes and well wheels. 

Trees receive no fertilization, except 
if there is an inter-crop of some vege- 
table; no irrigation unless they happen 
to be close to a river-bed; only recently 
has the use of insecticides been accepted, 
and in a few areas American sprays such 
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Fic. 2 (Upper). Removing the silk from the cocoons is a family project. The man in the 
foreground, using a small broom, stirs the cocoons in hot water, twisting the silk free. The 
women complete the process. The cleaned cocoons are fed to the chickens. 


Fic. 3 (Lower). The young lady on the left is spinning the silk threads, while her sister 
weaves the silk into cloth, to be made into dresses and other clothing. 
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Fic. 4. The author and Mr. Boudouroglou examine two sacks of dead cocoons, stored for 
sale to silk producers. Top quality cocoons are a uniform creamy color, lower grades are mixed 
creamy and yellow 
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Fic. 5. A girl of Basilica holding a home-spun silk dress, and a sheaf of silk thread. Vege- 
table dyes are used to color the materials 
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Fic. 6. This is a silk-worm egg incubator, standing about two feet tall. The kerosene lamp 
heats the water in a tin jacket, within the wooden cabinet. 


THE VANISHING 
as Shell-Tox are being used to control 
scale insects. 

At the present rate of disappearance, 
the mulberry tree will vanish from nor- 
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Tannic and Gallic Acids. Gall nuts 
[formed in response to the injuries caused 
by the egg-laving activities of an insect on 
the twigs of Aleppo oak (Quercus infectoria), 
a shrub of the Mediterranean region] consti- 
tute the only practical source of tannic acid, 
obtained from them by using water as a 
solvent or, according to the British Pharma- 
copoeia, by employing alcohol, ether or ethy!] 
acetate. Tannic acid is used: 

a) “In the manufacture of so-called ani- 
line inks in which the tannie acid is com- 
bined with the usual basic dyes to form a 
lake, soluble in several organic solvents, par- 
ticularly alcohols. These lakes are character- 
ized by high transparency and brillianey and 
are used in most forms of semi-transparent 
packaging for which special grades of paper 
are normally required”. This is one of the 
most important applications of tannic acid. 

b) “In the fining of wines, beers and 
spirits. These may contain varying small 
amounts of protein and where there is not 
sufficient tannin in the wine to effect precipi- 
tation, this can be promoted by the addition 
of small quantities of tannic acid. Consider- 
able amounts are used in this industry ”’. 

c) In some medicinal products “ where the 
astringent properties of tannic acid make 
them suitable in the treatment of intestinal 
complaints ”’. 

d) In oil-drilling muds where it and its 
salts “reduce the viscosity of the slurry and 
so result in easier handling ” 

e) In the form of its salts in some pro- 
prietary water-softening mixtures where they 
assist in flocculation of the insolubles. 

f) Through its reaction “ with ferric ions 
to give a complex, iron tannate used largely 
in the earlier writing inks and to some extent 
at present ”’. 

g) As a protective coating on iron sur- 
faces, where the resulting skin of iron tannate 
is claimed to afford some protection against 
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thern Greece as a crop within ten or 15 
years, and only a few solitary survivors 
will stand to mark the spot where once 
they grew in thousands. 
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corrosion and to give a pleasing color effect. 
“Tt may also be incorporated in gels for 
painting on iron surfaces for protection dur- 
ing storage in damp atmospheres ”’ 

h) As a protective covering of natural silk 
against photochemical degradation. 

i) In powder and cream sun-burn pro- 
tectorants. 

j)) Asa deflocculating agent in the ceramic 
industry, reducing the amount of water 
necessary for tempering clay. “ The process 
is closely similar to the use of straw in the 
manufacture of bricks which goes back to 
early biblical times ’ 

“Tannie acid when hydrolyzed splits into 
two molecules of gallie acid. This hydrolysis 
can be effected in several ways. Extracts of 
the gall nuts, when exposed to the atmos- 
phere for long periods, slowly deposit the 
erystalline gallic acid due to fermentation. 
Much quicker results, however, can be ob- 
tained by heating with acids or alkalis ”’. 

“The main use of gallie acid is in the 
manufacture of writing inks in which the acid 
is treated with an iron salt and with an ani- 
line dye”. The acid finds application also in 
pharmaceutical preparations, in the synthesis 
of certain mordants and as esters in the 
manufacture of preservatives and anti-oxi- 
dants in connection with edible oils, food 
products, perfumes, cosmetics and pharma- 
ceuticals . 

Numerous other applications of tannic and 
gallie acids have been developed or await 
exploitation, and in conclusion it may be 
added that “ gallie acid on heating yields car- 
bon dioxide very rapidly and uniformly. 
This controlled decarboxylation has found 
application in pyrotechnics. The rapid gas 
evolution gives rise in an enclosed container 
to a whistling noise and the remaining prod- 
uct, pyragallol, is very reactive toward oxi- 
dising agents”. (Anon., Chem. Prod. 16: 14. 
1953). 


The Economic Plants of the Bible! 


Biblical peoples of the Holy Land and adjacent parts of 
the Old World were as dependent upon plants for food, 
spices, cosmetics, drugs, medicines, textiles and other 
products as is modern man, and more than 125 such 
plants are recognizably referred to in the Scriptures. 
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Of the 242 species and varieties of 
plants thus far identified in the text of 
the Holy Scriptures, about 133—or more 
than 50 percent—may be classified as 
economic plants of the people of that 
time and region. That the percentage 
should be so high is not surprising, since 
it is a well known fact that ancient 
peoples usually referred to and even had 
names for only such plants in their natu- 
ral environments as were of some im- 
mediate concern or value to them. The 
fact that so many these economic 
plants have been referred to in the books 
that comprise our Old and New Testa- 
ments and Apocrypha—some of them 
repeatedly and in books by various au- 
thors—is ipso facto evidence that they 
must have been of considerable impor- 
tance. 

We may roughly divide the economic 
plants of the Bible into six categories: 
(a) those used for food; (b) those used 
as spices and condiments; (c) those used 
as cosmetics, drugs and medicines; (d) 
those furnishing textiles; (e) those used 
for fuel and construction; and (f) those 
with miscellaneous domestic uses. These 
groupings are not mutually exclusive. 
Many species could properly be placed 
in two or more of the groups. 


Ol 


1 Material for this article has been taken, 
in large part, from the book “ Plants of the 
Bible,” by H. N. and A. L. Moldenke, pub- 
lished by Chronica Botanica Co., Waltham, 
Mass., in 1952. $7.50. 
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The six most important food plants 
of the people of Bible times were, with- 
out doubt, figs, dates, olives, barley, 
spelt and wheat. Next in importance 
were probably millet, pomegranates, 
apricots and grapes. 


Food Plants 

Fig. The common fig (Ficus carica) 
is mentioned about 73 times, from the 
third chapter of Genesis to the sixth 
chapter of Revelation. It is the very 
first plant to be noted by name in the 
Old Testament, in connection with its 
leaves being used to make aprons by 
Adam and Eve in the Garden of Eden 
—although John Milton and others have 
felt that the “ fig’ intended in this al- 
legorical story may have been the ban- 
yan. The edible fig was probably first 
cultivated in the fertile parts of southern 
Arabia. From there its 
spread throughout the Mediterranean 
area. Five different Hebrew words are 
used in the Old Testament 
this fruit—one refers to the tree itself, 
one to the fruit as such, another to the 


cultivation 


to refer to 


green or unripe fruit which remains on 
the tree all winter, another to the early 
or first-ripe fruit, and the fifth to the 
cakes of dried figs kept for winter use 
as a staple article of food. Part of the 
present sent to King David by Abigail 
about 1000 B.c. consisted of 200 cakes 
of figs. 


ECONOMIC 


The fig tree, when allowed to grow 
normally, produces dense shade, and it 
was therefore used extensively in Bible 
times, as now, as a in the 
courtyards of houses and at wells. Nor- 
mally two crops of fruit are produced 
per year, the first or winter figs ripening 
in June, the second or summer figs on 
the new wood in August and September. 
Often when the summer figs are just be- 
ginning, some ripe winter figs may still 
be found lingering on the branches, half 
hidden in the foliage. It was for these 
that Jesus looked in the well known 
story recorded in Matthew 21: 19-21. 
It is the summer crop which is preserved 
for use in winter, and these figs, when 
dried, are made into cakes or are kept 
hung on strings. Baskets, dishes and 
umbrellas have been made since ancient 
times in Bible lands by sewing fig leaves 
together—and, of course, a fig leaf is 
still the traditional apron used by sculp- 
tors on their statues of the human form. 
In Old Testament times a poultice of 
crushed figs was used in the treatment 
of boils, warts, rashes and other cutane- 
ous afflictions, just as Isaiah applied it 
to cure King Hezekiah (II Kings 20: 7). 

The importance and value of the fig 
tree to the Israelites is illustrated very 
graphically in the fact that whenever 
the prophets censured the people for 
their wickedness, they threatened that 
the vine and fig crops would be de- 
stroyed, and when they wanted to extend 
the promise of great reward they said 
that the vine and fig crops would be re- 
stored. “To sit under one’s own vine 
and one’s own fig tree”’ became a pro- 
verbial expression to denote peace and 
prosperity. 

Another of the important economic 
plants of Bible times was the sycomore- 
fig (Ficus sycomorus). This tree pro- 
duced a fruit that was decidedly inferior 
to that of the common fig, but, like it, 
produced several crops a year. It was 
abundant in Egypt, where its soft but 
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durable wood was used for making 


mummy-coffins as well as doors, furni- 
ture and boxes. It grew abundantly in 
valleys and lowlands, and because of its 
wide-spreading branches gave a_ very 
welcome shade along roadsides and cara- 
van routes. It the most 
valuable fruit Jericho and 
Canaan. In Palestine it was intimately 
connected with the mysterious rites of 
nature-worship against which the He- 
brew prophets inveighed so often. In 
order to obtain ripe edible fruits each 
one must be cut or pared at the top cen- 
ter a few days before picking. This 
dressing of the sycomore-figs was the 
prophet Amos’ job. 

Date. The date palm (Phoenix dac- 
tylifera) is mentioned no less than 48 
times, also from the first to the last 
books of the Bible. It was at one time 
as characteristic of Palestine as it was 
of Egypt, occurring in some districts in 
dense groves, in other areas as isolated 
trees, providing excellent landmarks. 
Widely employed as a model for orna- 
mentation in the Orient, its stems and 
leaves were the favorite subjects for ar- 
chitectural embellishment—usually — in 
relief—from the time of building Solo- 
mon’s temple. The capitals of Egyptian 
temple and palace columns were conven- 
tionalized from the handsome terminal 
crown of leaves of this tree, and this 
form of capital persists in our present 
architecture. The leaves were used to 
thatch roofs, and were hung on walls to 
provide insulation and on reed fences to 
give more impermeable solidity. Young 
leaves were gathered and tied in bunches 
to make brooms and dusters for house- 
work. The leaflets were woven into 
mats, baskets and dishes. The web-like 
fiber at the base of the leaves was woven 
into cord and rope. The fruit has al- 
ways been the chief article of food for 
all dwellers on the Arabian and north 
African deserts. The water-soaked or 
ground-up kernels were fed to camels, 
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sheep, goats and cows. Women made 
necklaces and bracelets from the dried 
kernels. It is supposed that the “ strong 
drink ” mentioned in the Bible as dis- 
tinct from wine was made from the 
syrupy liquid which exudes when un- 
opened flower-spathes are pierced. This 
partially solidified syrup is also what the 
Israelites often referred to when they 
spoke of “honey”. The Arabs today 
have a saying that the date palm has as 
many uses as there are days in the year, 
and this hardly seems to be an exag- 
geration. 

Because of the gracefulness of the 
date palm tree, it became symbolic of 
grace and elegance to the Israelites, and 
the name of this tree—‘“ tamar”’ in He- 
brew—was often bestowed on women in 
allusion to their graceful upright car- 
riage. Even today in Palestine Tamar 
and Tamarah are popular as_ girls’ 
names. 

Olive. It has been stated that no other 
tree is more intimately associated with 
the human race and the development of 
western civilization than the olive (Olea 
europaea). In the Scriptures it is re- 
ferred to more than 95 times. The dove 
sent out by Noah returned with an olive 
leaf, and on this account both the dove 
and olive have become symbols of peace. 
Not only was the fruit of great value 
because of its edible qualities, both in 
the ripe and unripe state, but most of 
the oil used in Bible times was expressed 
from its outer fleshy portions. This oil 
was used in cookery, in sacrificial offer- 
ings, as fuel for lamps, as a tonic for hair 
and skin, medicinally in surgical opera- 
tions, and also for the anointing of kings 
and high priests. One of the punish- 
ments meted out to the allegorical Baby- 
lon in the Apocalypse of John was that 
no one would buy her olive oil. The 
olive tree to Oriental peoples has always 
been a symbol of prosperity and divine 
blessing, beauty, luxuriance, strength 
and sovereignty. It was so extensively 
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cultivated that in the Bible we often 
find the word “oliveyards” coupled 


with vineyards and grainfields in de- 
scriptions of the wealth of the land. Al- 
most every village had its olive grove, 
and wealthy landowners had olive “ gar- 
dens” into which they retired during 
the heat of the day. Olive oil formed 
the basis of the perfumed ointments 
mentioned in many passages. 

In Bible times the fruit of the olive 
tree was normally gathered by shaking 
or beating the tree, but the Mosaic law 
demanded that a few fruits always be 
left on the tree for the poor, the stranger, 
the widow and the orphan to gather. 

Barley. The “corn” of the Bible, like 
that of the Old World countries today, 
was what we in America mostly refer to 
as “grain”. Cornfields were not fields 
of tasseled cornstalks or rows of wig- 
wam-shaped six- and eight-foot stacks, 
but were fields of barley, spelt and 
wheat. 

The barley of ancient times is thought 
to have been the common barley (Hor- 
deum distichon), winter barley (H. 
hexastichon) and spring barley (H. vul- 
gare). It is referred to by name 32 
times in 15 of the Bible’s 92 books. 
Being less expensive than wheat, it was 
the staple cereal grain used, either by it- 
self or mixed with wheat or other seeds, 
by the poorer people. It was in many 
places the sole feed for horses, and was 
commonly employed for feeding asses, 
draught oxen and eattle. 

No other grain cultivated by man can 
equal barley in the amount of climatic 
variation under which it has been grown 
successfully. It survives heat and 
drought better than any other cereal crop. 
It ripens so rapidly that the short sum- 
mers of far northern and far southern 
latitudes—much too short for the pro- 
duction of a wheat crop—are quite suffi- 
cient for it. It is still the typical crop in 
the steppe-like Irano-Turanian region of 
Palestine where there is only a very 
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small annual rainfall. In Bible times the 
barley harvest was usually in March or 
April, or, in the hilly districts, perhaps 
as late as May. Mostly the barley har- 
vesting was completed one to three 
weeks earlier than that of wheat. To- 
day barley ripens about a month earlier 
than wheat in Egypt, just as it did in 
1290 B.c. when a sudden hailstorm de- 
stroyed all Pharaoh’s barley (which was 
already matured) but not his wheat. 

So well was barley known to the Is- 
raelites that it supplied them with a unit 
of linear measurement—two _ barley 
grains making a “ finger-breadth ”, 16 a 
“hand-breadth ”, 24 a “span”, and 48 
a “cubit ”’ or 16 inches. Measurements 
based on this unit were more exact than 
those based on the variable width or 
length of a man’s middle finger, the ex- 
tent of his spread hand, or the length of 
his forearm. This unit has, in faet, been 
used for ages in the measurement of 
shoes. 

Ten wild species of barley now grow 
in the Holy Land area, and one of them, 
H. spontaneum, may be the ancestor of 
the cultivated species and varieties. At 
about the end of the first century A.D., 
when John is thought to have written 
the Apocalypse, wheat was valued at 
about a dollar and barley at 33 cents 
per quart. Leviticus 27: 16 is rendered 
by Dr. Moffatt as “land sown with ten 
bushels of barley shall be valued at 
seven pounds of silver ’—or by present 
standards about $76. 

Since barley was the commonest food 
of the poorest people in Bible times, it 
is used symbolically in the Scriptures to 
indicate poverty, cheapness or worth- 
lessness. Hosea purchased for 120 
bushels of barley an adultress for wife. 
The jealousy offerings described in 
Numbers 5: 15 consisted of only a little 
more than three quarts of barley. 
Ezekiel exclaims in shocked insult over 
the profaning of the law for mere hands- 
ful of barley. All these examples indi- 
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cate how the Hebrews, with minds 
geared to seeing symbolism anywhere, 
attempted to indicate contempt for the 
implicated parties. Gideon, being a 
very poor and humble man, in his dream 
(Judges 7: 13-15) compares himself to 
a “cake of barley bread ”’. 

Wheat. Just what the wheat was 
which is referred to 175 times in the 
Bible is a matter of much speculation. 
Five kinds of wheat are native to and 
still wild in Palestine today, and at least 
eight others are cultivated there. It is 
probable that most, or even all, of these 
were used in Bible times. The native 
ones were undoubtedly much more abun- 
dant there in those days than they are 
now. They ineluded the one-grained 
wheat, einkorn, or little spelt (Triticum 
monococcum), the thaoudar (T. thaou- 
dar) and the wild wheat or wild emmer 
(T. dicoccoides). The non-native spelt 
(T. aestivum var. spelta) is mentioned 
in three places in Exodus, Isaiah and 
Ezekiel, and the composite wheat (T. 
compositum) is very definitely referred 
to in Genesis 41: 5-27. The latter spe- 
cies, with its branched spikes—often as 
many as seven “ears” or heads per 
stalk—is depicted on numerous Egyp- 
tian monuments and inscriptions and is 
the common “mummy wheat” of the 
Nile delta and the ‘“ Heshbon wheat ” of 
Palestine. 

It is generally agreed, however, that 
most of the Biblical wheat was T. aesti- 
vum which yields the summer and winter 
wheat of today. This species has been 
cultivated in Bible lands since the earli- 
est recorded times and may have had its 
origin in the area now flooded by the 
Mediterranean Sea. It was the prin- 
cipal cereal grain of Mesopotamia in 
Jacob’s time. Babylon, Syria and Pal- 
estine were all well known in ancient 
times for the excellence of their wheat, 
but frequent droughts often resulted in 
widespread famine (Psalms 81: 16 and 
147: 14, Genesis 12: 10 and 41: 57). 
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From the time of King Solomon onward 
the Hebrews gave up their nomadic ex- 
and agriculture became more de- 
among them. Palestine then be- 
came a grain-exporting land, her surplus 
mostly absorbed by Tyre, her powerful 
commercial neighbor to the north (Eze- 
kiel 27: 17, Amos 8: 5), whose ships 
sailed all the then-known seas. 

Wheat was trodden out by 
(Deuteronomy 25: 4), pressed out by a 
wooden wheel (Isaiah 28: 28) or 
threshed with a flail (I Chronicles 21: 
20-23, Isaiah 41: 15-16), and then win- 
nowed with a fan and sifted. The time 
of wheat harvest varied, depending on 
location, soil and season, from the end 
of April to well into June, and formed a 
recognized division of the year. Dates 
were often reckoned as so many days or 
weeks before or after the wheat harvest 
(Genesis 30: 14). Offerings to the Lord 
in the Temple—erroneously referred to 
as “meat” offerings in some transla- 
tions—were cereal offerings of “‘ fat kid- 
neys of wheat’, i.e., of the very best 
grades of the very cereal grain 
available. 

Wheat was planted in winter by the 
Hebrews and was either sown broadcast 
and then ploughed in or trampled in by 
cattle (Isaiah 32: 20), or, more rarely, 
painstakingly set out in uniform rows to 
insure healthier and _ huskier plants 
(Isaiah 28: 25). Wheat and spelt were 
planted well after barley. The nuills, 
millstones, granaries and_ threshing- 
floors mentioned in so many Biblical 
passages all refer to equipment em- 
ployed in the processing of grain, mostly 
wheat and spelt, to produce flour. 
Hulled wheat intended for home con- 
sumption was often stored in the central 
portion of the house (II Samuel 4: 6) or 
in dry wells (II Samuel 17: 19). The 
“ fine flour” used in making shewbread 
cakes (Leviticus 24: 5) was unquestion- 
ably wheat flour. The fermentation 
process by which bread is made from 
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cereal grain today is brought about by 
the yeast, Saccharomyces cerevisiae, and 
there is no reason to suppose that it was 
not the same yeast in Biblical days. 

Millet. Another Biblical grain was 
millet (Panicum miliaceum), cultivated 
in large fields both in Egypt and in Pal- 
estine. Bread made from it is quite dis- 
agreeable to the taste and was eaten by 
the most abject poor. It was part of 
the grain fed to the prophet Ezekiel. 

Sorghum. Dhura (Sorghum vulgare 
var. durra) is the common variety of 
sorghum in Egypt and Palestine today, 
and probably was also in Bible times. 
Its large seeds were roasted and then 
eaten or else were ground into a coarse 
type of bread. Its long stems formed 
the “reed” mentioned in the story of 
the Crucifixion. 

Pomegranate. 
nica granatum) is mentioned 
than 44 times in the Old Testament. 
Certain towns were named Rimmon or 
Remmon because of the abundance of 
these fruit trees there, and an Assyrian 
deity mentioned in II Kings 5: 18 bore 
the same name and is thought to have 
had the pomegranate as his symbol. It 
is listed as one of the pleasant fruits of 
Egypt (Numbers 20: 5) and one of the 
promised blessings of Palestine (Deuter- 
onomy 8: 8). Not only were the sweet 
fruits highly valued for their edibility, 
but cooling drinks and sherbets were 
made from the pulp. The astringent 
rind of the unripened fruit yielded a red 
dye, was used in medicine, and employed 
in tanning what we now call red Mo- 
rocco leather. A mild spiced wine was 
made from pomegranate juice (Song 8: 
2). 

The pomegranate regarded 
sacred in Egypt, and in Persia adorned 
the head of the royal sceptre. When the 
Israelites built the Temple they used its 
perfectly symmetrical campanulate blos- 
soms as models for interior decorations 
and for the embroidery on the priests’ 
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robes. They may even have served as 
models for the first musical bells. The 
delicate beauty of the fruits caused them 
to be used in song and poetry in com- 
parison with the beauty of young blush- 
ing cheeks. Today we refer to the peach 
in such similes. The pomegranate was 
cultivated in Egypt from very early 
times. The spies sent by Joshua to in- 
vestigate the Promised Land brought 
back from Esheol grapes, figs and pome- 
granates, thus plainly indicating that 
these were three of the most important 
products of the land. The calyx on the 
ripening fruit served as model for King 
Solomon’s crown. 

Apple. In most of our older English 
Bible translations the term “ apple” 
occurs frequently. We now believe that 
these references are to the apricot (Pru- 
nus armeniaca). It is described as a 
tree offering pleasant shade. Its fruit 
was enticing to behold, sweet to taste, 
imparting fragrance, with restorative 
properties, and of a golden color, borne 
amid silvery leaves. Probably because 
of its abundance there, it gave its name 
to two villages in Palestine, one on the 
highlands of Judah and the other in the 
country of Ephraim. Apricots are very 
abundant in the Holy Land and ap- 
parently have been so since before the 
time of Noah. Tristram states that with 
the single exception of the fig, they are 
probably the most abundant fruit of the 
area, in highlands and lowlands alike, 
by the shores of the Mediterranean and 
on the banks of the Jordan, in the nooks 
of Judea and under the towering heights 
of Mount Lebanon, in the secret recesses 
of Galilee and in the glades of Gilead. 
Because of its very early flowering, the 
apricot was a symbol to the Hebrews 
of watchfulness, wakefulness or alert- 
ness, and is sometimes referred to as the 
“ wake tree ”’ 

Grape. The common grape-vine (Vitis 
vinifera) is mentioned throughout the 
Bible, from the 9th chapter of Genesis 


to the 14th of Revelation. Prophets, 
patriarchs, psalmists and apostles all 
spoke of it, often employing it in a sym- 
bolic sense. ‘“ The fruitful vine” and 
the “ vine brought out of Egypt ” were 
symbolic of the Jewish people. Jesus 
compared himself to a “true vine”, of 
which his apostles were the branches. 
Use of the plant in this way indicates 
plainly the very high regard in which it 
was held by the Hebrews. It was cul- 
tivated by the ancient Egyptians and is 
the first plant recorded in Seripture as 
cultivated by man. The Promised Land 
was “a land of wheat and barley, of 
vines and fig-trees and pomegranates ” 
The vines of Palestine were famous for 
their luxuriance and for the immense 
clusters of fruit sometimes produced. 
Some of these clusters were brought 
back on a pole from the famous valley 
of Esheol by Joshua’s spies. Special 
mention is also made in the Bible of the 
grapes of Sibmah, Heshbon, Elealeh and 
Kngedi. In fact, the grape-vine became 
the symbol of the Jewish nation and 
later was adopted by the Christian 
chureh. 

The ancient Hebrew usually allowed 
his vine to trail upon the ground or 
climb over rocks and walls. Later he 
began using supports and finally trel- 
lises. The vineyards were usually 
planted on a hillside, had a fig tree in 
each corner, and were surrounded by 
walls or hedges to keep out wild boars, 
jackals and foxes. One or more towers, 
usually of stone, were also built in the 
vineyard. In these the “ vine-dressers ” 
lived. It was their duty to prune and 
cultivate the vines and keep out thieves. 

The time of grape-gathering was one 
of general festivity and usually com- 
menced in September. The villages 
were then practically deserted and the 
people lived in temporary tents or 
‘“ lodges ’’ in the vineyards. The grapes 
were gathered amid much happy shout- 
ing and singing, and were carried in 
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baskets on the head or shoulders or else 
were suspended from a The 
choicest ones were saved for eating and 
stored in flat 
From 


yoke. 
open wicker baskets. 
were also made the dried 
“raisins” (I Chronicles 12: 40). The 
rest of the harvest was carried to big 
stone winepresses, 
the rocky soil. There certain 
the treaders, pressed out the juices by 
tramping on the fruit. This grapejuice 
could then be converted into wine 
through the action of the yeast, Sac- 
The art of 
wine-making is one of the most ancient 
arts of mankind, and its 
often attributed to Noah 
21). 

The wine made from these grapes was 
often converted into vinegar by addition 
of barley which speeded up the process 
of fermentation. 
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invention is 
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The bacteria involved 
were doubtless the same as in vinegar 
manufacture today 
genum, A. 


icetobacter aceti- 
plicatum and A. 
The drink was very acid and, 
at least to some persons, somewhat nau- 
seous; yet it was a common beverage 
among laborers (Ruth 2: 14). It 
offered to Jesus on the cross. 
Vegetables. The beans of the Bible 
were what we today call Windsor or 
broad beans (Vicia faba). This vege- 
table was early cultivated in Egypt, as 
we know from samples found in ancient 
Egyptian tombs. Beans were brought to 
King David by Barzillai, and formed 
part of the food of the prophet Ezekiel. 
The cucumbers of Egypt for which 
the Israelites yearned while wandering 
in the desert of Sinai were our common 
species, Cucumis sativus, and the round- 
leaved Egyptian melon, C. chate. The 
latter, which is said to be the finest of 
all melon-like fruits, was widely culti- 
vated on the floodplain of the Nile River 
and has been referred to as the “ Queen 
of the Cucumbers”. The melons for 
which they yearned, on the other hand, 


acetum, A. 
rylinum. 


Was 


ECONOMIC 


BOTANY 


were the muskmelon (C. melo) and the 


watermelon (Citrullus vulgaris). Both 
species have been cultivated in Egypt 
since time immemorial. The water- 


melon served many ancient Egyptians as 
food, drink and medicine. It was, for 
instance, the only means of relief that 
the poorer people had in cases of fever. 
For this the fruit taken 
when it was so over-ripe as to be almost 


purpose was 


in a state of decay. The juice was 
pressed out, mixed with sugar, and im- 
bibed freely. The seeds 
roasted and salted. The 
season in many places extended from 
May through September. 

About 67 kinds of onion-like plants 
are native to Bible lands. It is there- 
fore not surprising that peoples of this 
area should have grown so fond of these 
The garlic of the Bible 
was probably Allium ascalonicum and 


were also 


watermelon 


plants as food. 
A. sativum, the onion was A. cepa, and 
leeks were A. porrum (and perhaps also 
the unrelated 


num-qraecum). 


legume, Trigonella foe- 

The onions of Egypt 
have the reputation of being the sweetest 
in the world. An inscription in the 
Great Pyramid of Cheops indicates that 
about the equivalent of three and one- 
half million dollars was spent to supply 


the workers with onions, garlic and 
radishes during its erection! Onions 
were cut in four quarters, baked and 


eaten, or else a soup was made of them. 
ticher people ate them cooked with 
meat. 

Lentils (Lens esculenta) are men- 
tioned five times in the Old Testament. 
They have been cultivated in Egypt and 
Palestine since time immemorial. Be- 
sides the well known pottage mentioned 
in the famous story of Jacob and Esau, 
a fairly good bread was made from a 
mixture of lentils and barley. 
eaten mostly by the poorer people. 

The pods of the carob-tree (Ceratonia 
siliqua) contain a sweet mucilaginous 
pulp and were widely used for feeding 
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cattle, horses and pigs in Biblical times. 
In times of scarcity they were used for 
human consumption, and perhaps even 
regularly so by the poorest people. It 
was for some of these pods that the 
starving Prodigal Son longed in vain 
(Luke 15: 16). 

Another emergency food in time of 
scarcity was the parasitic scarlet cyno- 
morium (Cynomortum coccineum) which 
attaches itself to the roots of saltwort in 
salt marshes and on maritime sands 
(Job 30: 4). The host plants—probably 
Atriplex dimorphostegia, A. halimus, A. 
rosea and A. tatarica—were also gath- 
ered and eaten for their soft mucilagin- 
ous leaves. While wandering on the 
Sinai Desert, another source of emer- 
gency food was the “ manna” (probably 
Nostoc collinum) which grew up during 
the night when there was a heavy fall 
of dew, and the “manna” which fell 
from the heavens (Lecanora affinis, L. 
esculenta and L. fruticulosa). It is 
stated that the Israelites lived on these 
substances for 40 years at the rate of 
seven pints a day per person, but this 
seems hardly probable. Doubtless their 
fare consisted of numerous more prosaic 
(and therefore more quickly forgotten) 
substances as well, and the amount used 
may well have become considerably ex- 
aggerated, as folklore usually is, with 
the passage of time. 

The bulbs of the star-of-Bethlehem 
(Ornithogalum umbellatum) were 
ground up, after numerous boilings to 
eliminate the poisonous principles, and 
then mixed with cereal flour to make 
bread (II Kings 6: 25). A pint of these 
bulbs sold for about $3 during a severe 
Samarian famine. 

Nuts. The only edible nuts mentioned 
in the Bible are walnuts (Juglans regia), 
cultivated in King Solomon’s garden; 
pistachio nuts (Pistacia vera), carried 
down to Egypt by Joseph’s brothers; 
and almonds (Amygdalus communis), 
used as models for ornamentation of the 


candlesticks in the Tabernacle. All 
three of these fruits have been eaten ex- 
tensively in Bible lands since very an- 
cient times. It is believed that the vil- 
lage name, Betonim, mentioned by 
Joshua, was derived from the abundance 
of pistachio trees at that locality at that 
time, and Luz, in Genesis, refers to the 
abundance of almond trees. 

Herbs. It seems very probable that 
the bitter herbs eaten at the time of the 
Passover in Bible times were much the 
same as those consumed on this occa- 
sion now. Some bitter herbs were al- 
most always eaten by the Hebrews with 
their daily food, if available. This cus- 
tom seems to have been learned from the 
Kegvptians during the captivity because 
the Egyptians used to place a mixture 
of bitter herbs and mustard on the table 
and dip morsels of their food into this 
mixture as they ate. The bitter herbs 
employed by the Hebrews were prob- 
ably endive (Cichorium endivia), chic- 
ory (C. intybus), lettuce (Lactuca sa- 
tiva), watereress (Nasturtium offici- 
nale), sorrel (Rumex acetosella var. 
multifidus) and dandelion (Taraxacum 
officinale). 

Sweets. Sugar cane (Saccharum offici- 
narum) was known in Old Testament 
times, since it is referred to by Joshua 
and by Isaiah. The art of making sugar 
from this plant was probably unknown 
to the Hebrews, but the stalks were used, 
as they are today among primitive 
peoples, for sweetening foods and drinks 
and for chewing as a confection. 


Spices and Condiments 

Because of the difficulty of preserving 
food in such very hot countries as 
Egypt, Sinai and Palestine, spices of all 
sorts were highly valued. Also, the usu- 
ally intense heat of the sun caused copi- 
ous perspiration and made the burning 
of incense from various resinous gums 
highly desirable when groups of people 
gathered for religious or social functions. 
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Spices, resins, gums and condiments 
were, therefore, greatly prized by the 
Hebrews and their neighbors, and many 
are mentioned in the Bible. Among 
theses were frankincense (Boswellia car- 
tern, B. papyrifera, B. thurifera), myrrh 
(Commiphora kataf, C. myrrha), bdel- 
lium (C. africana), galbanum (Ferula 
galbaniflua), nard (Nardostachys jata- 
mansi), ginger-grass (Andropogon aro- 
maticus), cassia-bark (Cinnamomum 
cassia), cinnamon (C. zeylanicum), 
eaglewood (Aquilaria agallocha), white 
sandalwood (Santalum album), red san- 
dalwood (Pterocarpus santalinus), In- 
dian orris (Saussurea lappa) and ben- 
zoin (Styrax benzoin). These were all 
exotic products which had to be im- 
ported from Arabia, India, Ceylon, Per- 
sia, Somaliland or Abyssinia, and were 
therefore very expensive and could be 
used only by the most wealthy. Native 
spices available to the poorer people in- 
cluded capers (Capparis sicula), lentisk 
(Pistacia lentiscus), labdanum (Cistus 
creticus, C. salvifolius, C. villosus) , gum- 
tragacanth (Astragalus gummifer, A. 
tragacantha) and storax (Styrax offici- 
nalis). In this category belong also the 
gum mannas derived from Alhagqi camel- 
orum var. turcorum : d { ‘ maurorum, 
Frazinus ornus and Tamarix mannifera, 
all native to the area. 

The etrog or citron (Citrus medica 
var. lageriformis), although perhaps 
originally native to ancient Media, was 
certainly available to the Hebrews since 
very ancient times and was very widely 
used in ceremonials for its fragrant 
leaves, flowers and fruit. 

Among the important condiments in 
Bible times were cummin (Cuminum 
cyminum) and coriander (Coriandrum 
sativum), whose astringent seeds were 
sprinkled over bread and pastry, and 
ground up with cereal grain to make 
flour. Other condiments were saffron 
(Crocus sativus), with which curries and 
stews were colored, mustard (Brassica 
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nigra), mint (Mentha longifolia), dill 
(Anethum  graveolens), rue (Ruta 
graveolens, R. chalepensis var. latifolia) 
and nutmeg-flower (Nigella sativa). 


Cosmetics, Drugs, Medicines 


The important cosmetic plant of the 
Hebrews was henna (Lawsonia inermis), 
mentioned twice in the Song of Solomon. 
Its leaves were dried, crushed into a 
powder, mixed with liquids, and made 
into a paste. This was used since an- 
cient Egyptian days as a cosmetic. By 
means of it a bright-yellow, orange or 
red color was imparted to finger-nails, 
toe-nails, the tips of the fingers, palms 
of the hands and soles of the feet of 
young girls. The men used it for color- 
ing their beards and the manes and tails 
of their horses. 

Soap was made by burning the entire 
plants of saltwort and jointed-glasswort 
—chiefly Salsola inermis, S. kali, Sali- 
cornia fruticosa and S. herbacea—and 
then mixing the resulting ashes with 
olive oil. Manufacture of soap in this 
fashion was an important occupation 
along the eastern Mediterranean from 
remote antiquity. 

At least part of the blue dye used in 
Bible times and mentioned in four books 
of Holy Scripture was derived from the 
lichen, Roccella tinctoria. The scarlet 
dye mentioned so often in Exodus was 
derived from an insect, Coccus ilicis, 
which lives on the kermes oak (Quercus 
coccifera) and has even given its name 
to that tree. 

The ancient Egyptians were masters 
in the art of embalming, and in this 
practice they employed the inspissated 
juice of the aloes which grow on the is- 
land of Socotra (Aloé succotrina). The 
Hebrews, during their long captivity in 
Egypt, learned something of this art, 
and, upon their return to Palestine, tried 
their hand at it. The embalming fluids, 
however, had to be imported from afar 
and so were very expensive. As a result, 
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only wealthy or very important  per- 
sonages were embalmed. Nicodemus 
brought myrrh and aloes to embalm the 
body of Jesus after it was removed from 
the cross. 

One of the many “ balms ” mentioned 
in Seripture had a medicinal use. This 
was the Jericho balsam (Balanites 
aegyptiaca). Its fruits were pounded 
and boiled to extract an oil with medic- 
inal and healing properties. This oil 
was poured over open wounds and ap- 
parently acted as an antiseptic and pro- 
tective covering against secondary in- 
fections. The same was done with the 
gum of the true balm-of-Gilead (Com- 
miphora opobalsamum). This tree is 
native to Yemen, and the first specimens 
to be brought to Palestine are thought 
to have been carried there by the Queen 
of Sheba on her famous visit to King 
Solomon. The species was later culti- 
vated in Palestine, chiefly about the city 
of Jericho, where it was still in existence 
at the time of the Roman conquest. The 
Roman soldiers carried branches from 
these trees back to Rome as symbols of 
their victory over the Hebrews. Titus 
Vespatian in 70 a.p. placed an imperial 
guard over the balm-of-Gilead orchards 
—so highly were they valued—but they 
disappeared during the later Turkish 
occupation. 

Wormwood, derived chiefly by the 
Hebrews from Artemisia herba-alba and 
A. judaica, was an extremely bitter sub- 
stance used as a tonic, stimulant and 
vermifuge. Because of its bitter nau- 
seous taste it was used symbolically by 
Bible writers to indicate misfortune and 
bitter calamity. The most drastic ca- 
thartic of Bible times was derived from 
the colocynth (Citrullus colocynthis), 
referred to in older English translations 
as “ gall”, 

Aphrodisiacs are referred to in the Old 
Testament, especially in the famous 
story of Jacob, Leah, Rachel and the 
mandrakes. The true mandrake (Man- 
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dragora officinarum) has always been 
associated with many curious legends, 
customs and superstitions. It furnishes 
an emetic, purgative and narcotic, and 
was extensively employed in ancient 
medicine. Its efficacy, however, proba- 
bly resulted more from superstitious be- 


liefs concerning it than from actual 
properties. Its thick taproots have some 


resemblance in shape to the lower por- 
tions of the human body, and it is 
doubtless due to this fact that amorous 
and aphrodisiac properties were ascribed 
to it. The Arabs called it “ devil’s ap- 
ples’ because of its supposed power to 
excite voluptuousness. It was thought 
to stimulate fruitfulness, and has long 
been famous for its use in love-potions 
and incantations. The chicory (Cicho- 
rium intybus) was also regarded as an 
aphrodisiac and its seeds were used in 
love-potions. 


Textiles 


Most important of all textile plants 
was, of course, flax (Linum usitatissi- 
mum). Most of the clothing worn in 
Bible times which did not consist of ani- 
mal skins or of wool was made of linen. 
It is mentioned over a hundred times 
and is the oldest known of textile fibers. 
It was used quite generally for all do- 
mestic purposes, such as towels (John 
13: 4-5), napkins (John 11: 44), girdles 
and undergarments (Isaiah 3: 23), nets 
(Isaiah 19: 9), measuring-lines (Eze- 
kiel 40: 3), sails, pennons and flags. It 
was an important crop in Egypt and was 
known and used in Canaan before the 
arrival of the Hebrews (Joshua 2: 6). 
The most ancient of known mummies 
are wrapped in linen shrouds, and this 
practice of burial was adopted also by 
the Hebrews and Greeks. There were 
three distinct grades of linen in Bible 
times, and there were specified uses for 
each. The ordinary linen of coarsest 
texture is referred to in Leviticus 6: 10, 
a superior “ twined linen ” is mentioned 
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in Exodus 26: 1, and that of finest tex- 
ture and costliest quality is mentioned 
in Esther 8: 15. 

The Jews became 
cotton—from 
during the period of their captivity in 
Babylon under King Ahasuerus (598- 
536 B.c.), whose kingdom extended from 
India to Ethiopia. Highly colored cot- 
ton cloth from India apparently deco- 
rated his palace and is referred to in the 
book of Esther. This is, however, the 
only reference to cotton in the Bible. 
Hemp, jute and other plant fibers are 
not mentioned at all and so were proba- 
bly unknown. Silk is mentioned three 
times, during and after the time of 
Babylonian captivity, so it seems prob- 
able that it was not known to the He- 
brews until that time. The mulberry 
existing in Bible lands was Morus nigra. 
Its leaves are not so satisfactory for 
raising silkworms as are those of the 
white mulberry. It was not until the 
introduction of the latter species from 
China in comparatively recent times 
that the silkworm industry met with any 
success in Palestine. 


with 
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Fuel and Construction 


Naturally, almost all woody plants 
available were used for firewood and, if 
of sufficient dimensions, for lumber. The 
ark of the Tabernacle was made in Sinai 
of the wood of Acacia tortilis. Noah’s 
ark is thought to have been made of 
Cupressus sempervirens var. horizontals. 
The cherubs in the Holy of Holies of 
Solomon’s Temple were made of the 
wood of Elaeagnus angustifolia Solo- 
mon’s Temple, his private house, the 
House of the Forest of Lebanon, the 
great Porch of Judgment and the house 
for Pharaoh’s daughter, his favorite 
wife, all were constructed of Cedrus 
libani, as were his palanquins and essen- 
tial parts of the mighty fleet maintained 
at Tyre. The kings of all nations in 
that area plundered the forests of Leba- 
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non for the fragrant durable cedar wood 
to embellish their palaces. 

The booths made at the harvest 
thanksgiving or Succoth festival were of 
Brutian pine (Pinus brutia), myrtle 
(Myrtus communis), olive, date-palm 
and oleaster. According to II Samuel 
6: 5, many of the musical instruments 
in use by the Hebrews had bases made 
of Aleppo pine (Pinus halepensis). 
Withes used in basketry and for binding 
were made from Salix acmophylla, S. 
alba, S. fragilis and S. safsaf. The 
hedges surrounding their vineyards were 
most often formed of Rhamnus palaes- 
tina. The “ ebony ” of the Bible was the 
wood of several species of date-plum— 


Diospyros ebenaster, D. ebenum, D. 
melanoxylon—native to Ceylon. This 
exotic wood was carried in Phoenician 


ships across the Arabian Sea and up to 
the Red Sea or across the Gulf of Oman 
and the Persian Gulf to the markets at 
Tyre, whence it was conveyed by camel 
caravan overland to Palestine. 

Many species of oak grow in the Holy 
Land and neighboring areas, and at least 
five are rather definitely referred to in 
the Seriptures. The oaks of Bashan, for 
instance, were probably Quercus aegi- 
lops and Q. lusitanica, while the oak of 
Genesis 35: 4 and 8 was Q. ilexr and that 
of Joshua 24: 26 was Q. coccifera var. 
pseudococcifera. Besides cedar, Solo- 
mon used the wood of the eastern savin 
(Sabina excelsa) and Aleppo pine in the 
building of the Temple. The “ cedar” 
wood used by the priests in the cere- 
mony of cleansing lepers and leprous 
houses was Sabina phoenicia. Burning 
this wood or brushes made of its frag- 
rant branches and twigs served the prac- 
tical purpose of destroying the unpleas- 
ant odors which would naturally result 
from burning the bodies of birds and 
cows in the sacrificial offerings. 

One of the most highly prized woods, 
imported from northern Africa and used 
for cabinet work, was the “thyine 
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wood” of Revelation 18: 12. This was 
the wood of the sandarac-tree (Tetra- 
clinis articulata). Its resinous proper- 
ties rendered it very slow to decay and 
almost impervious to the attack of in- 
sects. It is the very last vegetable prod- 
uct to be mentioned by name in the 
Bible. The hard rich yellow or amber- 
colored wood of the olive was also used 
extensively in cabinet work and turnery. 
A kind of turpentine was obtained from 
the bark of the native terebinth (Pis- 
tacia terebinthus var. palaestina). 


Miscellaneous 


The papyrus plant (Cyperus papyrus) 
was used for constructing small vessels 
for floating on the water (Exodus 2: 3) 
and for mats and other domestic pur- 
poses. It is most famous as the source 
of the material of which the paper of 
the ancients was made. Pens for writ- 
ing on parchment or skins were quite 
uniformly made from the stems of the 
reed (Phragmites communis). 
writing was done on wood (Numbers 
17: 3). Writing tablets of boxwood 
(Buxus longifolia) are referred to in II 
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Eucalypt Tannin. Of the 500 or so spe- 
cies of Eucalyptus indigenous to Australia, 
E. astringens, commercially known as “ brown 
mallet”, is the principal one furnishing tan- 
nin on that continent. The bark of this tree, 
native to the southwestern plateau and 
southern interior of Western Australia, con- 
tains 40 to 57% tannin, and about 1,450 tons 
of it are annually harvested, mainly exported 
to European and other countries for produc- 
tion of tannin extract. The tannin is easily 
leached out of the bark with cold water, 
90-95% of it being extractable in this man- 
ner, whereas only 50-60% is obtainable in 
this way from quebracho wood, the South 
American wood which is the world’s principal 
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Esdras 14: 24. Papyrus paper is men- 
tioned in II John 12 and III] Maccabees 
4: 20. 

In a hot climate like that of Egypt, 
Sinai and Palestine, any shade was al- 
ways highly prized, and all trees provid- 
ing it were highly valued. Sycomore- 
figs were planted along roadsides, gar- 
dens were mostly olive orchards, and 
those Hebrews who could afford to do so 
“dwelt safely, every man under his vine 
and under his fig tree”. The castor- 
bean (Ricinus communis) was widely 
cultivated to produce quick dense shade. 
Growing twelve or more feet tall, with 
huge umbrella-like leaves, it was ad- 
mirably suited for planting alongside of 
bowers, booths or huts, or for overhang- 
ing a bench. This _ plant the 
“gourd” which brought comforting 
shade to the afflicted Jonah, but which 
withered so quickly when a cutworm en- 
tered its roots. 

One could continue at length about 
the economic plants of Bible times and 
peoples, but perhaps the above brief dis- 
cussion will serve to illustrate the fas- 
cination and charm of this phase of eco- 
nomic and historical botany. 
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source of tannin today. In addition, about 
65,000 tons of tannin extract, marketed as 
“Myrtan”’, are utilized annually after prepa- 
ration from both wood and bark of two other 
species of Eucalyptus. Several other species 
also have been utilized as sources of tannin 
in Australia but not to the extent of brown 
mallet. And some of them have been intro- 
duced into Morocco, Belgian Congo, Union 
of South Africa and the British colonies in 
Africa, but exploitation of them as sources 
of tannin has not progressed to any signifi- 
cant degree. (R. W. Pearman, Colonial 
Plant and Animal Products 3(3): 206. 
1952-3). 


A Note on Spartina Protein 


The halophytic plants of this genus may be a potentially 
valuable source of protein for the food industry. 


EDGAR TASCHDJIAN 1 


The genus Spartina comprises ten spe- 
cies, most of them found in saline 
marshes of the seacoast. Spartina Mi- 
chauxiana Hitch. known as “ fresh-water 
cord-grass ”’ or in the west as “ slough- 
grass”, occurs across the continent in 
the northern States. S. glabra Muhl. is 
reported from Cape Ann, Mass. (1), S. 
patens Muhl. from the Virginia coast 
(2) and from the vicinity of New Or- 
leans (3), S. spartinae from the Gulf of 
Texas (4). S. cynuroides Roth on the 
Atlantic and S. foliosa on the Pacific 
coast act as mud-binders and are im- 
portant factors in the natural reclama- 
tion of salt-marshes. In England S. 
stricta Roth performs the same service, 
while S. alterniflora Loisel is common to 
the British Isles and the St. Lawrence 
and New England coasts (5). 

Of special interest is S. Townsendu, a 
natural hybrid of S. stricta and S. al- 
terniflora which was discovered in 1870 
in a single locality in southern England 
and since then has extended over thou- 
sands of acres along the English and 
French coasts and owing to its desirable 
agricultural properties has been intro- 
duced into other parts of the world (6). 
It might be worth testing also on the 
American coast, especially since one of 
its parents, S. alterniflora, has already 
been introduced accidentally in the wake 
of oyster culture on the coast of Wash- 
ington (7). 

A reliable estimate of the area occu- 
pied by these grasses was not obtainable 
either from the U. 8S. Department of 
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Agriculture or from the Fish and Wild- 
life Service of the Department of the In- 
terior, but there is little doubt that the 
area is very extensive and produces a 
potential supply of roughage the food or 
fodder value of which is worth investi- 
gating. So far, apart from pasturage 
for wild geese, only very limited use 
has been made of Spartina for cattle 
feeding, mainly due to the difficulty of 
harvesting the grass from boats. It was 
felt, therefore, that if more efficient use 
could be found for this material, it might 
provide a stimulus for its utilization. 

With this end in view, this writer 
tried to apply to Spartina a method of 
protein production developed previously 
for hay and similar raw material ?. The 
procedure used may be summarized as 
follows: 

Samples of air-dry spartina hay (S. 
alterniflora), obtained through the cour- 
tesy of the Bear’s Bluff Laboratory, 
S. C., were ground with sand and water 
in a Waring Blendor, and the mash was 
filtered through cloth. This was re- 
peated twice, the second time with ad- 
dition of a small amount of non-toxic 
detergent. The filtrates were combined, 
the pH-value adjusted to 4.0, and 
brought to a boil. After the protein had 
settled out, the clear supernatant liquid 
was decanted and the residue was cen- 


trifuged, then transferred to tinfoil 
dishes and dried at 250° F. From a 
number of determinations, the native 


protein content of Spartina was found 


2A patent application for this method is now 
pending before the U.S. Patent Office. 
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to be 3.345% + 0.94 of the dry weight, 
taking into account that the air-dry ma- 
terial had a water content of ca. 10%. 
This compares not unfavorably with 
29% of digestible protein in average 
timothy hay (8). 

The extracted mash, composed mainly 
of cellulose, was then fermented with 
water inoculated with a culture of mixed 
bacteria and protozoa. It found 
that if the mash is left to ferment spon- 
taneously, the protozoan fauna has a 
distinctly marine character, flavor and 
taste. By inoculating with a culture ob- 
tained previously in connection with the 
hay experiments mentioned, the taste 
and flavor were considerably improved. 
When the culture was sufficiently dense, 
as seen by microscopic examination, one- 
half to three-fourths was filtered through 
cheesecloth and the remainder filled 
with water. The filtered culture was 
precipitated either by adjustment of the 
pH-value or by addition of a neutral 
salt, decanted, centrifuged and dried. 

In one experiment an initial vegetal 
protein yield of 4.2% was thus raised to 
10.15% of mixed vegetable and animal 
protein within a month. Of course, in in- 
dustrial production, fermentation would 
be a continuous process and the yield 
per time would depend merely on the 
dimensions of the fermentation vats. 

In comparison, it should be mentioned 
that in recent experiments at Cornell 
University, wintering ate 


was 


beef cows 
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Industrial Raw Materials of Plant 
Origin. IV. Previous publications in this 
series, dealing with vegetable oils and waxes, 
have been reported in Economic Botany. 
This fourth one also is concerned with a vege- 
table wax, the only one naturally occurring 
in a liquid form. It is produced in the seeds 
of jojoba (Simmondsia chinensis), a desert 
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about 22.5 lbs. of hay for a daily gain of 
0.34 lb. Assuming that this gain was all 
meat with a water content of 50%, it 
would correspond to an efficiency in pro- 
tein production of only 0.75% (9). 

If an economical harvesting method 
could be developed and if palatable die- 
tetic preparations can be worked out, it 
would appear from the foregoing that 
Spartina might become a valuable source 
of protein for the food industry. 
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shrub of northern Mexico and southwestern 
United States, and has been used in a variety 
of products. Cultivation has not yet been 
exploited, but a potential annual market of 
45,000 tons of the oil is recognized. (P. M. 
Daugherty, H. H. Sineath and T. A. Wastler, 
Ga. Inst. Tech., Eng. Exp. Sta., Bull. 15(18). 


also marked “ Bulletin No. 17”. 19538). 


The French Lavender and Lavandin Industry’ 


Oil of lavender, once produced to the extent of 150,000 
kilograms annually in France from true lavender, has 
decreased to about 50,000 kilograms annually, having 
given way to a 300,000 kilogram production of lavandin 
from hybrids of true lavender and spike lavender. 


ERNEST GUENTHER, Pu.D. 


Vice-President and Technical Director. 


Botanical Sources 


There are three plant species of the 
genus Lavandula (family Labiatae), 
from which three closely allied and com- 
mercially important 
obtained: 

a) Lavandula latifolia Vill., the so- 
called spike or spike lavender plant, 
which grows wild in the lower altitudes 
of Southern France, Spain and other 
Mediterranean countries. The commer- 
cial oil originates almost exclusively 
from Spain, where wild-growing plant 
material is distilled in simple field stills. 
In 1952 Spain produced about 125,000 
kilograms. Spike lavender oil contains 
only two to three percent of esters (cal- 
culated as linalyl acetate) and exhibits 
a rather harsh camphoraceous odor; 
hence it serves chiefly for the scenting 
of soaps and technical preparations. 

b) Lavandula officinalis Chaix, the 
true lavender, which grows wild in the 
higher altitudes (from about 700 to 1,100 
meters) of Southern France, and is also 
cultivated there. The commercial oil 
originates almost exclusively from 
France which produces on the average 
50,000 kilograms per year. Of the three 
commercial oils derived from the Lavan- 
dula species, this is the finest, exhibiting 


essential oils are 


1 Reprinted, with slight editorial revisions, 
from Drug & Cosmetic Industry, May, 1953. 
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the sweet, refreshing and delightful fra- 
grance of the true lavender plant. The 
quality and ester content usually in- 
crease with the altitude at which the 
plants grow and depend also upon the 
method of distillation. The ester con- 
tent of most oil lots varies between 38 
and 42 percent, but may be as high as 
55 percent in oils of best quality. 

c) Lavandula hybrida Reverchon, the 
so-called lavandin, also classified as La- 
vandula_ officinalis Chaix « Lavandula 
latifolia Vill., is a hybrid of true laven- 
der and spike lavender. It is cultivated 
on large plantations in the south of 
France at altitudes ranging from 300 to 
900 meters. Since lavandin is a much 
hardier plant, easier to cultivate and 
yields much more oil per acre than 
lavender, many producers in France 
have recently switched from lavender to 
lavandin. Yearly production of the lat- 
ter oil in France now averages about 
300,000 kilograms. The ester content 
ranges from 15 to 32 percent, which is 
between that of spike and that of laven- 
der oil. The odor, too, proves the hybrid 
character of the lavandin plant; it com- 
bines the fragrance of lavender with the 
camphoraceous harshness of spike. La- 
vandin oil is attaining ever increasing 
importance in the scenting of soaps. 

Since there have been practically no 
changes in the production of spike laven- 
der oil in Spain, the following will deal 
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Fic. 1 (Upper). Lavandin harvest near St. Jurs (Basses-Alpes), France. 


Fic. 2 (Lower). <A lavender plantation near Lambruisse (Basses-Alpes), France. 


(Courtesy of Fritzsche Brothers, Inc., New York) 
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only with the recent developments in 
the French lavender and lavandin oil 
industry. 


Oil of Lavender 


Until about 1905 practically all French 
lavender oil was produced from wild- 
growing plants in rather primitive mova- 
ble field stills distributed throughout the 
producing regions and set up in places 
where sufficient supplies of the wild 
plants were available. The method of 
distillation practiced at that time (boil- 
ing the flowering stalks immersed in 
water) resulted in considerable hydroly- 
sis of linalyl acetate, principal constitu- 
ent of the oil. In 1905 Schimmel & Co. 
erected the first modern steam distillery 
in Barréme (Basses-Alpes) and proved 
by the use of direct steam (avoiding con- 
tact of the plants with boiling water) 
that distillation could be shortened con- 
siderably and hydrolysis of the esters 
reduced substantially. With their mod- 
ern steam stills Schimmel & Co. were 
able to produce oils with an ester con- 
tent as high as 55 percent. Other laven- 
der producers soon followed the example 
of this firm, and sizable steam distilleries 
sprung up in several villages of the pro- 
ducing regions. Naturally these distil- 
leries required large quantities of plant 
material which no longer could be sup- 
plied exclusively from the wild lavender 
growing scattered on the slopes of moun- 
tain ranges. Hence, efforts were made 
to cultivate lavender on regular planta- 
tions which would make harvesting of 
the plant much easier. Considerable 
money was spent on these plantations, 
especially during the years after World 
War I, but unfortunately the high hopes 
of certain growers and agricultural ex- 
perts did not materialize. From several 
causes unknown at that time, most of 
the plantings perished prematurely, 2.e., 
before the initial investment could be 
amortized, and lavender flowers from 
plantations proved to be uneconomical. 
The high mortality on the plantations 
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attributed to various factors, or 
combinations of factors, none of them 
definitely proved, viz., careless selection 
of the site, crowded planting, fertilizing 
too late in the season, cutting of the 
plants too close to the ground, damage 
by insect pests, and root rot. It was 
only recently that the real causes for the 
premature decline of the lavender plan- 
tations became apparent. Growers now 
know from experience that true lavender 
is a delicate plant that perishes readily 
unless properly cared for. Today plant- 
ings are laid out only in the higher alti- 
tudes on easily drained mountain slopes 
and in calcareous loose soil—the natural 
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habitat of wild-growing lavender. Low 
altitudes are not suitable at all, and 


moist patches in a field do a lot of dam- 
age. The plantings require a great deal 
of cultivation; they must be kept free of 
stagnant moisture and of The 
latter may influence the quality of the 
oil and, as in peppermint, affect the odor 
adversely. 

The mountain regions of the Départe- 
ments Basses-Alpes, Dr6me and Vau- 
cluse, where lavender is cultivated today 
at altitudes ranging from about 700 to 
1,100 meters, are quite barren because of 
age-old soil erosion. Aside from laven- 
der and small quantities of wheat and 
potatoes, no other crop can be raised on 
those steep slopes. Fields are by neces- 
sity small, and all work (planting, culti- 
vating, harvesting) has to be done by 
hand, or at best, with the help of a horse. 
Machines are useless. Compared with 
wheat and potatoes, the growing of lav- 
ender, under these circumstances, still 
brings some modest returns. Lavandin 
cannot be raised in these altitudes, as it 
would freeze in winter. Cold and snow 
in winter, and heat in summer, on the 
other hand favor lavender. Heavy rain 
showers during the growing period in 
spring and plenty of sunshine before 
harvest increase the oil yield. Practi- 
sally all lavender fields are little more 
than patches, so to speak, usually not 
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Fic. 3 (Upper). A large lavandin distillery near St. Jurs. 


Fic. 4 (Lower). Top of an Eysserie still serving for distillation of lavender and lavandin 
in Southern France. 


(Courtesy of Fritzsche Brothers, Inc., New York) 


170 


exceeding one hectare. Planting is done 
by means of slips taken from older care- 
fully selected stock. The rows are now 
spaced 1.7 to 2.0 meters apart, the plants 
in a row 0.5 to 0.6 meter apart. This 
facilitates cultivation with horse-drawn 
plows. A newly established field re- 
quires three years to attain full produc- 
tivity. After 10 to 11 years it starts to 
decline and finally becomes uneconomi- 
eal. Harvest takes place in August dur- 
ing full bloom after the earlier charac- 
teristic blue lavender color of the flowers 
has changed to a grayish-blue. Cutting 
of the flowers is still done by hand with 
the help of sharp sickles, no mechanical 
cutter having been invented. About 130 
kilograms of plants are required to yield 
one kilogram of oil. On the average, one 
hectare produces 30 kilograms of laven- 
der oil per year. Compared with the 
yield of lavandin, this is very little. 
Distillation is now carried out more 
and more in the recently introduced and 
very efficient Prince and Eysseric stills; 
details about these will be given below. 
A few should be added here 
about the wild-growing lavender which 
prior to World War I was the only plant 
material available for distillation. This 
thrives on sunny barren mountainsides 
up to 1,300 meters in the form of clusters 
or tufts growing between rocks and often 
widely scattered. To cut and cultivate 
this lowly plant is a heavy and back- 
breaking task. To collect a few hun- 
dred pounds of plants the harvester has 
to cover large distances over rugged 
territory, stooping all the time to cut the 
little stray plants. In the summer heat 
of Southern France this is no easy job, 
and few are the men willing to make 
their livelihood in such a primitive way. 
Except for some rugged individualists 
who love nature and independence, no 
one today can be persuaded to this task, 
and collection of wild-growing lavender 
has declined to very low figures. It was 
not always so; before World War II the 
standard of living in Southern France 
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was low, but today wages have increased 
substantially, and there are much easier 
and more remunerative ways to earn 
one’s living, even in the remote rural 
areas of Southern France. Moreover, 
wild-growing lavender seems to be dis- 
appearing gradually; mountain 
slopes once covered with bluish lavender 
now appear quite denuded of it. Several 
explanations have been advanced for 
this fact: a rot disease, perhaps a fungus, 
appears to have attacked the roots; 
cause of the reforestation 
program carried out by the French Gov- 
ernment, the fragile lavender is being 
crowded out by the more vigorous pine 
trees, scrub and underbrush; and due to 
this tough new vegetation, browsing 
sheep and goats now have less to feed on 
and will munch even lavender in the 
spring before the oil has developed in 
the young plants. Whatever the causes 
may be, the wild-growing lavender seems 
to become less and less, with collection 
increasingly difficult and costly. Only 
the plants growing in the vicinity of vil- 
lages or of distillation units can now be 
gathered economically. 

This has brought about a market shift 
in the centers of lavender oil production. 
Former well-known centers of distilla- 
tion (mostly from wild-growing flowers), 
such as Barréme, Castellane and Gevau- 
dan, all in the Basses-Alpes, have lost 
their importance, being replaced by other 
centers, such as Lambruisse, St. André, 
Barles (all in the Basses-Alpes), Sault 
(Vaucluse) and Nyons (Dréme). Oil of 
highest quality now originates from 
Lambruisse. At the same time these 
latter localities have become centers of 
planted lavender also; as pointed out 
above, growers have learned by long and 
costly experience that lavender can be 
cultivated successfully only in places 
where wild lavender thrives, viz., in its 
natural habitat. 

For all these reasons the total yearly 
production of lavender oil has decreased 
substantially. About 25 years ago it 
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Fic. 5 (Upper). <A large lavandin distillery near St. Jurs. 
Fic. 6 (Lower). Charging the distillery with flowering lavandin. 


(Courte sy of Fritzsche Brothers. Inc., New York) 


amounted to about 150,000 kilograms; 
today it averages 50,000 kilograms in 
normal years. 


Oil of Lavandin 


While production of lavender oil has 
fallen off, that of lavandin oil has 
greatly increased in recent years. In 
1939 it was about 100,000 kilograms; 
now it amounts to approximately 300,000 
kilograms in years of normal weather. 
There are several causes for this devel- 
opment: although sensitive to the cold 
prevailing in the higher altitudes where 
true lavender grows, lavandin in general 
is a hardier plant, withstanding much 
hotter weather, and easier to cultivate. 
It grows best in altitudes ranging from 
300 to 900 meters, where the summers 
would be too hot for true lavender. This 
is the region of extensive high plateaus, 
especially in the Basses-Alpes, which 
lend themselves well to large-scale culti- 
vation of lavandin. Because of the flat 
terrain, mechanical farming implements 
(tractors, cultivators, trucks, ete.) can 
be used to great advantage. Owing to 
the greater hardiness of lavandin, the 
plants usually last longer than those of 
true lavender, 12 years being quite nor- 
mal. The greatest advantage of lavan- 
din over true lavender consists in the 
much higher oil yield of the former per 
acre. The usual type of lavandin yields 
from 50 to 60 kilograms of oil per hec- 
tare per year, while the newly intro- 
duced “Abrial” variety produces as 
much as 100 and even 120 kilograms of 
oil per hectare per year. This equals 
approximately four times the yield of 
true lavender oil. Under these circum- 
stances it is not surprising that in recent 
years many growers have switched from 
lavender to lavandin. 

As in the case of lavender, planting is 
done by means of slips taken from older 
carefully selected stock. For easier 
cultivation with farming machinery the 
rows and plants are now spaced widely, 
two meters between the rows, one meter 
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between the plants in the row, which 
means 5,000 stocks per hectare. 

Harvesting takes place in August after 
the blue color of the flowers has changed 
to gray. Cutting of the flowering stalks 
is still done by hand with sickles, and 
this today represents the heaviest item 
in the cost of the oil. There is hope, 
however, that within a year or two an 
engineering firm in the south of France 
may perfect a mechanical cutter now 
under experimentation. Once this has 
been accomplished, the cost of cutting 
will be substantially reduced, and lavan- 
din oil can then be offered on the market 
at prices permitting even more extensive 
use of this oil for the scenting of soaps. 
In fact, because of heavy production, 
prices have already decreased to levels 
quite attractive to soap manufacturers, 
and there is every hope that in the future 
lavandin oil will be one of the most eco- 
nomical adjuncts at the disposal of the 
soap maker. Moreover, the quality of 
the oil has recently been materially im- 
proved with the large-scale introduction 
of Lavandula hybrida Abriali, a variety 
of lavandin discovered some years ago 
in the Dréme by a French Government 
botanist for whom the plant was named. 
The oil derived from this variety con- 
tains as much as 30, and even 32, per- 
cent of esters, against 15 to 24 percent in 
the old type, hence approaches the char- 
acter of true lavender oil. 
stronger than that of the regular lavan- 
din oil. And as mentioned above, the 
Abrial variety yields from 100 to 120 
kilograms of oil per hectare, viz., twice 
as much as the old type of lavandin. It 
is primarily for this reason that most 
lavandin growers are changing to the 
Abrial variety as quickly as conditions 
permit. This simply means that as soon 
as the old plantations reach the point of 
unproductivity, they are replaced with 
new ones of the Abrial variety. Already 
from 20 to 30 percent of the total pro- 
duction of lavandin oil is derived from 
the Abrial variety. 
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Present centers of lavandin oil 
duction in the south of France are: 
All in the Basses- 
t Alpes; 150,000 kilo- 
| grams in 
years. 
2) Puimoison 
Moustier H 


pro- 


1) St. Jurs 
Riez 


. normal 
Valensole 


Also in the Basses- 
Alpes; about 85,000 


Allemagne J kilograms in normal 
Montagnac J years. 


3) Nyons In the Dréme; about 
60,000 kilograms in 


normal years. 


The visitor driving through these re- 
gions will be surprised by the extent and 
beauty of the lavandin plantations, espe- 
cially on the high plateau of St. Jurs. 
During the second half of July, just 
before full bloom, these fields offer a 
magnificent view; under the blue cloud- 
less sky as far as the eye can see, rows 
and rows of fully developed lavandin, 
thickly crowned with blue flowering 
tops, all fields meticuously clean. Most 
growers have now learned from experi- 
ence that good field management pays 
well in the case of lavandin. During the 
harvest, trucks carry large quantities of 
the cut plant material to the distilleries 
for processing in modern large steam 
stills. As in the case of lavender distil- 
lation, most of the former small field 
stills seem to have disappeared, having 
been replaced either by conveniently 
located steam stills of large capacity, or 
by the recently introduced Prince or 
Eysseric stills. In fact, these latter have 
been found so efficient and so time- and 
labor-saving that they are gradually re- 
placing even the large direct steam stills; 
they are virtually revolutionizing field 
distillation of lavender and lavandin oil, 
and perhaps that of other aromatic 
plants. 


The Prince and Eysseric Stills 
Fundamentally these two types of 
stills are based upon the same principle. 
The new distillation units consist essen- 
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tially of a large tank (vat or retort) 
surrounded on the sides and bottom by 
a closed water jacket in which water is 
brought to a boil by a fire beneath. The 
low pressure steam thus generated in the 
water jacket is conducted into the retort 
and serves for distillation of the plant 
material charged above a_ perforated 
false bottom. Since the side walls of the 
retort are kept warm by the boiling 
water in the enclosing steam jacket, no 
internal condensation of live steam can 
take place within the retort. The 
plant charge remains comparatively dry 
throughout the operation, and distilla- 
tion of a charge of 200 kilograms of 
plant material in a vat of 1,000 liters ca- 
pacity can be completed in 20 minutes 
—against 50 minutes in the old types of 
steam stills. So short a distillation in a 
retort of relatively large capacity means 
a saving of at least one-half of the labor. 
Moreover, the exhausted plant material, 
sasily removed from the still by me- 
chanical hoists, is usually so dry that it 
can be dropped immediately, and with- 
out sun-drying, into a chute leading to 
the large specially constructed fire hearth 
below the still; it is, in facet, the only 
fuel required for generation of steam and 
does not have to be sun-dried and carted 
back to the distillery—a further saving 
of labor. The use of low pressure steam 
and the short length of distillation re- 
duce hydrolysis and other forms of de- 
composition within the still to a mini- 
mum; the resulting lavender or lavandin 
oils exhibit a fine odor and a highgr ester 
content than the oils produced in the old 
type of steam stills. 


Conclusion 


The French lavender and lavandin in- 
dustry has undergone substantial changes 
in recent years. Production of oil of 
lavender has decreased markedly, while 
that of lavandin has increased many- 
fold. The latter oil has become a most 
useful and economical raw material for 
the perfumer and the soap maker. 


The Chemistry of Brown Algae 


The enormous and self-replenishing supplies—perhaps 
200 or 300 million tons—of these seaweeds in the 
oceans of the world have been commercially exploited 
so far primarily in the production of alginic acid, but the 
other carbohydrates, proteins, lipids, vitamins, enzymes 
and antibacterial substances in them and discussed here 
may hold even greater values. 


HENRY G. MAUTNER 
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The Phaeophyceae, or Phaeophyta, 
are algae that contain the characteristic 
accessory carotinoid pigment fucoxanthin 
which masks the other pigments that are 
present and imparts a_ characteristic 
brown color to the plants. However, not 
all brown-colored algae are members of 
the Phaeophyta; certain species of Ban- 
gia and Iridaea are brown but are classi- 
fied with the red algae (Rhodophyta). 

The true brown algae range from 
microscopic plants, such as some of the 
Ectocarpales, to species as large and 
complex as Macrocystis pyrifera which 
may grow to be 70 meters long (109). 
Almost all species of the Phaeophyceae 
are marine, the only fresh-water genera 
being Heribaudiella, Pleurocladia and 
Bodanella (94). Some species of marine 
brown algae do, however, penetrate into 
brackish waters. 

Most of the brown algae grow in the 
intertidal belt and in the upper littoral 
region; they attain greatest development 
and distribution in cold water, particu- 
larly in the northern latitudes. The 
Phaeophyta contain about 240 genera 
and some 1500 species (94). This com- 
pares with a total of at least 17,500 spe- 
cies for all algae classified by taxono- 
mists (46). 

The ecologic and economic importance 
of the brown algae is, however, much 
greater than their comparatively small 
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number of species would imply, since 
some of them, such as Sargassum, Macro- 
cystis and Nereocystis, are large plants 
occurring in immense quantities; thus 
huge floating masses of Sargassum con- 
stitute the Sargasso Sea, famous in sci- 
ence and fiction. A survey conducted by 
the U. 8S. Department of Agriculture in 
1915 estimated that about 60,000,000 
tons of kelp, ineluding the species Macro- 
cystis pyrifera, Nereocystis Luetkana 
and Alaria fistulosa, were growing along 
the Pacific coast of North America alone 
(17). While this estimate may have 
been too high (131), it is evident that 
the global supply of brown algae staggers 
the imagination. 

In spite of the enormous quantities of 
seaweeds available to a world, the popu- 
lation of which is forever growing, and 
the resources of which are forever shrink- 
ing, little use has been made of these 
plants, except in the Orient, until com- 
paratively recently. Even today we are 
not far removed from the attitude of 
Horace and Tacitus who, if they wanted 
to accentuate the worthlessness of an 
object, referred to it as “ villior alga” 
(128). 

In recent years the economic signifi- 
cance of these plants has begun to be 
appreciated. The Phaeophyta have been 
the object of much chemical research. 
It is the purpose of this paper to review 
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some of the chemical advances in this 
field, a field on which some potentially 
very important industries are based. 


Carbohydrates 
POLYSACCHARIDES 


Most of the polysaccharides derived 
from brown algae are “ phycocolloids ”. 
This term, coined by Tseng (130), refers 
to polysaccharides which are derived 
from brown and red algae, and which 
are able to form colloidal systems when 
dispersed in water. 

The phycocolloids derived from the 
Phaeophyta may be divided into three 
groups, as follows: 


Alkali-soluble polyuronides analogous 
to pectin, e.g., alginic acid and per- 
haps fucin. 

Water-soluble reserve carbohydrates 
analogous to starch, e.g., laminarin. 

Water-soluble ethereal sulfates similar 
to the mucilages, e.g., fueoidin which 
is related to agar, carrageenin and 
iridophyein (43) obtained from 
Rhodophyta. 


Of the polysaccharides, only alginic 
acid appears to be distributed univer- 
sally among the Phaeophyta, laminarin 
and fucoidin being found primarily in 
species of both Laminaria and Fucus. 

Alginic Acid. This component was 
first isolated in 1883 by the English 
chemist and seaweed-promoter Stanford 
(116,117). He macerated kelp (L. steno- 
phylla) for 24 hours with cold sodium 
carbonate. The resulting gelatinous 
mass was filtered through a coarse linen 
sack, and the filtrate evaporated to dry- 
ness. The product which he named 
“algin ” yielded a jelly upon addition of 
mineral acid. Stanford at first believed 
that this was purified algin, but in 1884 
(118) he showed that it was a new acid 
which he called “ alginic acid ”. Algin is 
now defined as a soluble alkali salt of 
alginic acid. 

Stanford investigated the composition 
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of alginic acid and advanced the empiri- 
eal formula C7gH7OQ02(NHe)o, errone- 
ously assuming that nitrogen was a mo- 
lecular constituent (120). Krefting (58), 
Villon (135) and Kylin (60, 61) isolated 
similar preparations from many species 
of brown algae. Hoagland (52) showed 
that all the species investigated by these 
workers contain algin. 

In 1915 Hoagland and Lieb (53) pre- 
pared alginic acid which they purified 
until it was practically nitrogen- and 
ash-free. A detailed study of the com- 
pound led them to believe that its em- 
pirical formula is Cs,;H»o;Ooo with a 
molecular weight of 599 and a neutrali- 
zation equivalent of 325. The compound 
was found to contain two replaceable 
hydrogen atoms. Acid hydrolysis of this 
product yielded a water-insoluble frac- 
tion which was filtered off. The filtrate, 
on being treated with phenyl hydrazine, 
yielded a pentosazone closely resembling 
1-xylosazone. They considered alginic 
a¢id a compound composed of an un- 
known acid nucleus coupled with pentose 
sugars. 

Atsuki and Tomada (2) and Schmidt 
and Vocke (106) suggested that the 
acidic nucleus in alginie acid is glucu- 
ronie acid. They did not present con- 
clusive evidence concerning the configu- 
ration of the acid. 

Cretcher and Nelson (29) and later 
Nelson and Cretcher (85, 86, 87) con- 
tributed much toward the elucidation of 
the structure of alginic acid. They 
showed that hydrolysis of alginic acid 
yields a uronic acid, the cinchonine salt 
of which melts at 152° C.—different 
from the cinchonine salt of glucuronic or 
galacturonic acid. On oxidation a di- 
basic six-carbon sugar acid was obtained. 
In 1930 Nelson and Cretcher succeeded 
in isolating p-mannuronic acid lactone 
and the corresponding monosaccharic 
lactone in a crystalline state, and showed 
that the physical constants of cinchonine 
mannuronate, prepared from crystalline 
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D-mannuronic lactone, agree well with 
those of the cinchonine salt obtained 
from the hydrolysis product of alginic 
acid. They concluded that alginic acid 
is a polymer of the anhydride of p-man- 
nuronic acid, with free carboxy! groups 
and shielded aldehyde groups, and that 
the pentose isolated by earlier workers 
was formed by decarboxylation of uronic 
acid. 

Bird and Haas (11) and Miwa (84) 
independently identified mannuroniec acid 
as the principal constituent of alginic 
acid. ‘The constants of the cinchoninic 
acid salts prepared by these workers did 
not agree with the results obtained by 
Nelson and Cretcher who suggested that 
the discrepancies were due to differences 
in the degree of hydrolysis. 

In 1933 Schoeffel and Link (108) sue- 
ceeded in isolating the free crystalline 
a- and 8-p-mannuronic acids. Identifi- 
cation was proved by comparison with 
D-mannuronic acid lactone obtained by 
reduction of D-monosaccharic acid lae- 
tone (88). The physical constants of 
derivatives prepared from the naturally 
and synthetically prepared lactones 
agreed in all particulars. 

Alginic acid proved to be unusually 
resistant to esterification and etherifica- 
tion, in contrast to pectin which can be 
acetylated and formylated easily. Barry, 
Dillon, and O’Muineachain (8) were the 
first workers to successfully acetylate 
alginic acid, although partial acetylation 
had been achieved by Gomez (35). They 
found that pretreatment of alginic acid 
with glacial acetic acid containing hydri- 
odic acid caused acetylation with acetic 
anhydride to proceed smoothly. 

In 1939 Hirst, Jones and Jones (51) 
succeeded in showing in what fashion the 
mannuronic acid units of alginic acid are 
linked. They prepared a completely 
methylated, partially degraded alginic 
acid by treating alginic acid with metha- 
nolic hydrochloric acid. Further treat- 
ment with methylaleoholie hydrogen 
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chloride yielded 2,3-dimethyl-p-mannu- 
ronie acid. This, on being oxidized with 
bromine water, gave 2,3-dimethyl-p- 
monosaccharic acid which in turn was 
oxidized with periodic acid to glyoxylic 
acid and the half aldehyde of meso-di- 
methoxy succinic acid which was identi- 
fied as the crystalline dimethyl-ester and 
dimethyl-amide. From these results it 
was concluded that alginic acid is a chain 
of D-mannuronic acid residues, in each 
of which Cy, and Cs are free. The glyco- 
sidic linkage would, therefore, have to 
be either 1:4 with a pyranose structure 
or 1:5 with a furanose structure. In 
view of the extreme stability of alginic 
acid and its large negative rotation, it 
Was assumed that the ring structure is 
pyranose and that the linkage between 
residues is 1:4, as shown in the follow- 
ing formula: 


_ OH COOH 
4 71 
on H o~/* 
ad = 
H OH 4H 
0 
COOH H OH Ju 


ALGINIC ACID 


The pyranose structure of alginie acid 
was subsequently confirmed by Astbury 
(1) by x-ray analysis of alginic acid 
fibers. A similar structure, but without 
conclusive proof, was postulated in 1938 
by Heen (44). In 1940 Lucas and 
Steward (71, 72) confirmed these conclu- 
sions. They oxidized alginic acid with 
periodic acid. Hydrolysis of the result- 
ing polymeric dialdehyde gave glyoxal 
in a 40% yield. When the polymeric 
aldehyde was oxidized with bromine 
water and then hydrolyzed, a 25% yield 
of meso tartaric acid was obtained. 

In 1952 Chanda et al. (20) investi- 
gated the percentage composition of the 
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methyl mannuronic acid residues in the 
hydrolysate of methylated alginic acid. 
Methylation of the alginic acid was 
varried out with methyl sulfate and 
aqueous potassium hydroxide in an at- 
mosphere of nitrogen at room tempera- 
ture. The product was then hydrolyzed 
with formic acid. The mixture of methyl 
mannuronic acids was heated with meth- 
anolic hydrogen chloride, and the solu- 
tion neutralized with diazomethane. The 
mixed methylated methyl mannurosides 
so obtained were reduced to the corre- 
sponding mannoside derivatives which 
were separated on a cellulose column 
after aqueous hydrolysis to methyl man- 
noses. Analysis of the various fractions 
indicated that the hydrolysate had the 
following percentage composition: 


2,.3,4-trimethyl mannose .... 1% 
dimethyl glucose ........... 6 
2,3-dimethyl mannose ...... 8S 


monomethyl mannose 


The origin of the dimethyl glucose has 
not yet been explained. The proportion 
of trimethyl mannuronic acid in the hy- 
drolysis products has indicated one end 
group for every 100 mannuronic acid 
residues, suggesting a chain length of 100 
for the sample of alginic acid here in- 
vestigated. This would correspond to a 
molecular weight of 17,600, which is in 
fair agreement with the value of 14,000 
obtained viscometrically by Heen (44, 
45). 

Alginie acid is a hard horny substance 
which is insoluble in cold water and in 
most organic solvents and is slightly 
soluble in hot water. *As a colloid, al- 
ginic acid may be considered an irre- 
versible gel. Its equivalent weight is 
176. Alginic acid liberates carbon diox- 
ide from carbonate. It reacts readily 
with compounds containing the ions of 
the alkali metals or of ammonium and 
magnesium. The resulting alginates are 
water-soluble and form highly viscous 


solutions. The salts of most other metals 
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are also easily formed but are water- 
insoluble. 

Alginie acid occurs in nature as a cell 
wall constituent, probably as a mixture 
of the free acid and its calcium, mag- 
nesium and sodium salts (11, 129). 

The dry weight content in brown algae 
is subject to considerable seasonal varia- 
tion, as shown by Ricard (103), Lunde 
(74) and Black (12, 13). Black showed 
that these seasonal changes take place 
mostly in the fronds, while the composi- 
tion of the stipes remains relatively con- 
stant. The percentage of alginie acid is 
highest in winter, when the composition 
of the frond is most similar to that of 
the stipe, and lowest in summer. Local- 
ity also plays some part in determining 
fluctuations. These observations 
have gained added significance in recent 
vears, since the salts of alginie acid have 
acquired considerable economic impor- 
tance. Sodium alginate is widely used 
as a gelling, suspending, emulsifying, 
thickening and body-producing agent. 
It has found important application in 
the pharmaceutical, food and other in- 
dustries, being incorporated in products 
as diverse as medicinal preparations, 
lubricating jelly, dental molds, ice cream, 
‘edible artificial cherries ”’, fire retard- 
ing compounds, latex and binders for 
printers ink, to mention only a few of its 
Recently sodium alginate ‘was in- 
vestigated as a potential plasma substi- 
tute (53a). 

A sodium polyanhydromannuronie acid 
sulfate derived from alginie acid and 
marketed under the trade name Paritol 
was found to possess an anticoagulant 
action similar to that of heparin (133). 
While the action of Paritol is only one 
half that of heparin, it is twice as pro- 
longed. 

Since alginic acid is a polymer of high 
molecular weight, reactive 
side chains, several attempts have been 
made to use it for the preparation of 
artificial fibers (114). The early fibers 
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prepared of alginic acid and of calcium 
and sodium alginates were readily dis- 
solved by soap and soda solutions; later 
Speakman and Chamberlain (115) over- 
‘vame this difficulty by treating calcium 
alginate fibers with the basic acetates of 
chromium and beryllium. Beryllium 
alginate fibers compare favorably with 
rayon and have the added advantage of 
being fireproof. Even the alkali-soluble 
calcium and sodium alginates are find- 
ing industrial application in the “ disap- 
pearing thread technique’ used in the 
manufacture of delicate woolen, rayon 
and silk textiles (114). 

Undoubtedly many other uses for al- 
ginic acid will be found in the future. 
Discussion of the economic utilization of 
this material is given in two recent books 
(21, 87a) and in a briefer and somewhat 
older but very thorough review (130). 

Fucin. A substance that is extracted 
from the brown rockweeds, about the 
structure of which very little is known. 
In 1915 Kylin (61) claimed that fucin is 
the calcium salt of fucinie acid which 
he believed to be very closely related 
to alginic acid, the only characteristic 
difference between the two compounds 
being the blue color which fuciniec acid 
gave in the presence of I.—KI and sul- 
furic acid. Later Ogden (92) reported 
that fucinic acid is a true acid with 
the empirical formula C,9H,sQ0,; and a 
molecular weight of 160. He believed 
it to be a dipentose-dicarboxylic acid 
[O(CsHgOCOOH ) o}. 


CH,OH 
0 0 


ECONOMIC 


BOTANY 


No work seems to have been published 
on the structure of fucin since then. On 
the basis of available evidence it would 
appear likely that it is a degradation 
product of alginie acid. Kylin’s color 
reaction might have been caused by the 
presence of cellulose. 

Laminarin. Discovered by Schmiede- 
berg in 1885 (107). Although many 
workers subsequently studied this com- 
pound (23-25, 36, 37, 59-62, 127), its 
structure was not elucidated until more 
than half a century later. In 1938 Barry 
(4) reported a very convenient method 
of obtaining laminarin of high purity. 
Fronds of L. Cloustoni were covered with 
% hydrochloric acid. Solid laminarin 
separated from the plants in 24 hours. 
The liquid and laminarin were then sepa- 
rated from the fronds. The laminarin 
was filtered or centrifuged and then re- 
peatedly dissolved in hot water and per- 
mitted to redeposit. Barry showed that 
the acid hydrolysis of laminarin yields 
glucose exclusively (4). In 1939 (5) he 
prepared triacetyl laminarin. Simultane- 
ous methylation and deacetylation of 
this compound yielded trimethy! lami- 
narin which was hydrolyzed to 2,4,6-tri- 
methyl glucopyranose, leading to the 
conclusion that laminarin consists of glu- 
cose residues held together by 1:3 glyco- 
sidic linkages. The large negative rota- 
tion suggested 8-type linkages. The fol- 
lowing formula was postulated: 
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In 1942 Barry et al. (9) and later 
Barry (7) applied the “ periodic acid 
end-group assay method” to the prob- 
lem of determining the chain length of 
laminarin. Periodic acid reacts with 
the grouping —CH(OH)—CH(OH)—, 
splitting the carbon bond and oxidizing 
each C—OH to an aldehyde group. In 
laminarin, where C, and Cx, participate 
in the linkage of the glucose units, ad- 
jacent hydroxyl groups could be found 
only in the terminal non-aldehydie glu- 
Barry found that laminarin 
auses slight but definite reduction of 
periodic acid, with the formation of di- 
aldehydic laminarin. Subsequent oxida- 
tion of the latter with bromine yields 
“laminarinie acid”, a polysaccharide, 
the end group of which contains two car- 
boxyl groups. Estimation of these end 
groups indicated a chain length of 16 
glucose units. Hydrolysis of laminarinic 
acid yields a small amount of glyoxylic 
acid as well as glucose. If dialdehydic 
laminarin is hydrolyzed and the product 
treated with phenylhydrazine acetate, a 
small yield of glyoxal osazone is obtained. 

Later Connell et al. (27) confirmed 
that laminarin is a chain of B-p-gluco- 
pyranose units linked through C, and 
C;. However, they found that the hy- 
drolysis of methylated laminarin pro- 
duces a yield of tetramethyl glucopy- 
ranose corresponding to 20 instead of 16 
units. 

A new disaccharide, “ laminaribiose ”, 
for which the formula 3-8-glucosyl-p- 
glucose was proposed, was prepared by 
Barry (6) through hydrolysis of lami- 
narin with oxalic acid, or with snail di- 
gestive juice. The identity of laminari- 
biose was recently confirmed by Bachli 
and Percival (3) who prepared this com- 
pound by condensation of 2,3,4,6-tetra- 
acetyl glucosyl bromide with 1,2-5,6-di- 
isopropylidene glucose. Comparison of 
the natural and synthetic products 
showed them to be identical. 

Laminarin is the reserve carbohydrate 
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of the kelps, analogous to the starch of 
land-plants. It is a white tasteless: 
powder that is soluble in water and in- 
soluble in ethanol, ether, benzene and 
petroleum ether. Its optical rotation is 
—14.8° (in water). Laminarin is found 
not only in species of Laminaria but also 
in species of Ascophyllum, Fucus, Des- 
marestia and many other but by no 
means all genera of Phaeophyceae (68). 

The content of laminarin in brown 
algae is subject to considerable seasonal 
variation (12, 13, 69, 74, 90, 103). Black 
showed that the dry-weight content of 
laminarin ranges from 2% in April to 
21% in July (L. digitata) (12, 13). He 
found that seasonal changes are greater 
in plants growing near the shore than in 
plants growing in the open sea, and 
greater in the fronds than in the stipes, 
the laminarin content of which is very 
small. Furthermore, he found that the 
depth at which the algae were growing 
had a profound influence on their lami- 
narin content (14). The maximum 
amount was in samples collected at a 
depth of 3-6 m., while samples from a 
depth of 16 m. or more contained no 
laminarin at all. This would agree with 
the observation of Nisizawa (89) that 
the laminarin content of seaweeds is di- 
rectly related to illumination and de- 
creases when the plants are stored in 
darkness. 

In spite of the facts that laminarin has 
been known since 1885 and that glucose 
could be readily obtained from it, no 
attempts have been made to utilize it 
industrially. 

Fucoidin. First isolated in 1913 by 
Kylin (60, 61) who extracted it from 
Laminaria and Fucus. Following hy- 
drolysis he succeeded in isolating phenyl- 
L-fucosazone. A substance similar to, 
and perhaps identical with, fucoidin was 
obtained by Hoagland and Lieb (53) 
who found it to contain L-fucose and a 
high proportion of calcium and sulfate. 
Further studies by Nelson and Cretcher 
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(85) showed that the sulfate exists in the 
form of ester groupings. The only sugar 
isolated was L-fucose. A small amount 
of glucuronic acid was demonstrated but 
believed to be due to contamination with 
alginates. Bird and Haas (11) desig- 
nated fucoidin as a carbohydrate ethe- 
real sulfate, since the total sulfate con- 
tent of their preparation was about 
double that found in its ash. In 1937 
Lunde et al. (77) proposed the formula 
(R—O—SO.—O—M_),, where R consists 
of 60% fucose, and M mostly of sodium, 
with small quantities of potassium, cal- 
cium and magnesium. No glucuronic 
acid or pentoses were found. 

In 1950 Percival and Ross (97) pre- 
pared and investigated a highly purified 
sample of fucoidin. Ground 
was extracted with boiling water. The 
extract was freed of alginates and pro- 
teins with lead acetate. The filtrate was 
made alkaline to phenolphthalein with 
barium hydroxide which precipitated a 
lead hydroxide-fucoidin complex. De- 
composition with dilute sulfuric acid, 
dialysis, evaporation of the filtrate to 
small bulk, followed by precipitation 
into ethanol, yielded crude _ fucoidin. 
This was purified by being concentrated 


seaweed 


H 
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CH 
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and precipitated in ethanol. An aqueous 
solution was then treated with charcoal 
and “ Filter-Cel ”’, yielding a white prod- 
uct. In contrast to Lunde and co- 
workers (77), they found calcium to be 
the predominant inorganic ion. Analy- 
sis gave the following results: 
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Highly 
purified 
fucoidin 
(found) 


(CoHol ds, SE Cay 2a 
(theoretical) 


Bultate. ....6.. 38.3% 39.2% 
Phetals ....... 8.2 8.2 
Fucose ....... 56.7 66.9 


Percival and Ross concluded that the 
principal constituent of fucoidin 
fucosan monosulfate. 

The structure of fucoidin was investi- 
gated further by Conchie and Percival 
(26). Completely methylated fucoidin 
was prepared, which was then hydro- 
lyzed, the products converted to methyl] 
glycosides and separated on an alumina 
column. The following products were 
obtained: L-fucose 20%, the 3-methyl 
derivative 57%, and 2,3-dimethyl de- 
rivative 20%. 

Since the sulfate groups were stable to 
alkali, the authors concluded that the 
main-linkage of the L-fucopyranose 
units could not be through C, and C, 
because the hydroxyl groups on Cz and 
Cs; are trans to each other (1). A sul- 
fate group in either of these positions 
would readily be eliminated by alkali 
(95). Therefore, a 1:2 linkage with the 
sulfate on Cy was proposed (II): 
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To account for the free fucose resi- 
dues, two possibilities were considered: 
either some fucose residues carry two 
sulfate groups (III), or the free fucose 
originates from branching points carry- 
ing terminal groups having free hydroxyl 
groups on Cs and C,; (IV): 
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coidin has yet to be established. 

Fucoidin, like most algal constituents, 
seems to be subject to seasonal varia- 
tions. Speakman and Chamberlain (115) 
report its weight content in brown algae 
maximum in autumn and minimum in 
spring. This substance is found in all 
brown seaweeds but to a greater extent 
in the rockweeds than in the laminarias. 

Fucoidin forms extremely viscous solu- 
toins, even at extremely low concentra- 
tions. It is possible that this material 
might have interesting commercial appli- 
cations. 


occurs in the cell walls of the Phaeo- 
phyta. This was discovered in 1885 by 
Stanford (119) who named the insoluble 
residue remaining after the removal of 
alginic acid from seaweeds “ algic cellu- 
lose”’. Ricard (102) referred to it as 
“algulose”’. Kylin (61) found that it 
gave a color reaction with iodine and sul- 
furie acid. Russell-Wells (105) showed 
it to be soluble in cuprammonium hy- 
droxide and prepared the acetate. 
Dillon and O’Tuama (33) hydrolyzed 


algal cellulose, prepared glucosazone 
from the hydrolization product, and 
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demonstrated the absence of mannose. 
They prepared viscose and methyl and 
acetyl derivatives. 

In 1949 Percival and Ross (96) iso- 
lated cellulose from species of Laminaria 
and Fucus. Acid hydrolysis yielded 
p-glucose as the only product. Cellobi- 
ose-octa-acetate was prepared by ace- 
tolysis, proving the presence of 1:4-,- 
linkages. X-ray diagrams showed the 
characteristic pattern of normal cellu- 
lose. Oxidation with potassium perio- 
date and titration of the resulting formic 
acid showed a chain length of 160 glu- 
cose units. This figure is low as com- 
pared to cotton cellulose (chain length 
a. 1000), but the authors believed that 
degradation of the algal cellulose oc- 
curred during extraction, and concluded 
that algal cellulose and cotton cellulose 
are essentially identical. 

The dry weight content of cellulose in 
brown algae is subject to seasonal varia- 
tion, reaching maxima in spring and 
autumn, and a minimum in summer 
(15). It appears unlikely that algae will 
ever be an economically useful source of 
cellulose. 


MONOSACCHARIDES 


Mannitol. Widely distributed in 
nature, being found in manna, several 
fungi, olives, celery, jasmine and many 
other plants (55). p-Mannitol was first 
discovered in seaweeds by Stenhouse 
(121). It may be the primary product 
of photosynthesis in brown algae (12, 
13). Mazur and Clarke (81) claimed 
that mannitol occurs in all Phaeophyta 
but not in any of the Chlorophyta. 
Kylin (68), on the other hand, who de- 
tected mannitol in a large number of 
brown algae, claimed that it is absent 
from Desmarestia viridis, Stilophora rhi- 
zodes and Asperococcus bullosus. Haas 
and Hill (39) reported that in Pelvetia 
mannitol occurs jointly with mannitan, 
an anhydride of mannitol. 
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The seasonal variation of mannitol has 
been studied by several workers (12, 
13, 103). Black showed that seasonal 
changes are much more pronounced in 
the fronds than in the stipes. The maxi- 
mum content of mannitol is reached in 
midsummer, the minimum in spring. 
Black (14) found that the mannitol con- 
tent of algae is related to the depth at 
which they grow, being greatest in plants 
collected at a depth of 6-10 m. 

Although Laminaria fronds in summer 
contain as much as 27% mannitol (dry 
wt.), and although mannitol is being 
used extensively in chemical industry 
(32), seaweeds have not yet been uti- 
lized as a commercial this 
compound. 

Other monosaccharides besides manni- 
tol have been found in brown algae. 
Kylin (68) isolated small quantities (ca. 
0.05%) of simple reducing sugar from 
Laminaria, Pylaiella and Fucus. This 
material was tentatively identified as 
glucose. It appears that in the brown 
algae glucose is not accumulated as such 
but is immediately condensed to form 
laminarin. In 1929 Haas and Hill (38) 
isolated a small amount of free reducing 
sugar, probably a pentose, from Pelvetia 
canaliculata. They could not detect it 
in Ascophyllum nodosum or Fucus ser- 
ratus. 


source of 


Proteins 


Very little is known about the nitro- 
gen metabolism of the Phaeophyta. 

Black (12, 13) found that the crude 
protein content of brown algae under- 
goes seasonal variation, being greatest in 
spring, smallest in autumn. (Seaweed 
protein is generally assayed as Kjeldahl 
nitrogen: 6.25.) He postulated that sea- 
weed protein is synthesized from manni- 
tol in the presence of inorganic nitrates. 

Haas and Hill (40) isolated a peptide 
from Pelvetia canaliculata, which they 
believed to be an octapeptide of glutamic 
acid. This substance has since been re- 
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investigated by Dekker et al. (31) who 
characterized it as L-pyrrolidonoyl-a-L- 
glutaminyl-L-glutamine: 
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arginine, lysine, proline, histidine, aspar- 
tic acid and glutamic acid. These re- 
sults, which were confirmed later (20a), 
NH, 
C=O 
' 
CH, 
‘ 


cH, 
NH-CH- COOH 


L-PYRROLIDINOYL-o&-L- GLUTAMINYL- 
-L- GLUTAMINE 


The pyrrolidone ring in the peptide was 
probably formed during the course of 
manipulations leading to the isolation of 
this compound. From extracts of vari- 
ous marine algae Haas et al. (41, 42) ob- 
tained several peptides in impure form. 
These were shown to have chain lengths 
of from two to eleven amino acid residues. 

The amino acids of the brown algae 
have been invesigated by Mazur and 
Clarke (80, 81) who analyzed several 
algal species for the presence of 16 amino 
acids and found hat in different species 
different amino acids were absent. Thus, 
for instance, Fucus and Egregia lacked 
arginine, Laminaria lacked methionine 
and lysine, while only methionine was 
absent from Sargassum. These determi- 
nations were made chemically and have 
not yet been confirmed by microbiologi- 
‘al assays. Recently the amino acid 
contents of Sphacelaria arctica, Lami- 
naria Saccharina and Fucus vesiculosus 
were investigated by Ericson and Sjés- 
trom (34) by means of paper chroma- 
tography. No qualitative difference in 
the amino acid composition of these 
algae could be detected; the acids identi- 
fied were glycine, alanine, valine, leu- 
cine, isoleucine, pheny! alanine, tyrosine, 
serine, threonine, cystine, methionine, 


agree with the findings of Lugg (73) who 
noted apparent similarity in the compo- 
sition of tissue proteins of a variety of 
cryptogams (thallophyta, bryophyta and 
pteridophyta) and phanerogams. 

While it is unlikely that seaweed pro- 
teins will ever have industrial impor- 
tance, they are very important factors in 
determining the value of seaweed as ani- 
mal fodder or as fertilizer. 

Lipids 

Fats of brown algae were first investi- 
gated by Russell-Wells (104) who found 
that the amount of fat collected in dif- 
ferent algae increased with decreasing 
depth of immersion, ranging from 0.16% 
in the deep-water alga L. digitata to 
6.3% in Pelvetia libera (essentially an 
exposed marsh plant), in which the fat 
may aid resistance to desiccation. 

Seaweed fat was first analyzed quanti- 
tatively by Takahashi et al. (125). The 
fat was saponified and the solid and 
liquid fatty acids separated. The solid 
fatty acids were fractionated by recrys- 
tallization from methanol. The liquid 
fatty acids were brominated in ether; 
the di-, tetra-, hexa- and poly-bromides 
were separated and the acids identified 
by debromination with glacial acetic 
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acid and zinc, followed by determination 
of the neutralization numbers, iodine 
numbers, optical rotation, uptake of hy- 
drogen during hydrogenation and solu- 
bility of their lithium salts. The fat 
extracted from Cystophyllum hakoda- 
tense Yendo was found to contain 22.9% 
solid acids and 76.8% liquid acids. The 
solid acids were made up of palmitic and 
myristic acids in the ratio of one to four, 
while the liquid acids contained 47% 
oleic acid, 28% Cg compounds with one 
or two double bonds, 14% Cis com- 
pounds with one, two, three or four 
double bonds, and 5% Coe. compounds 
with two or three double bonds. A sepa- 
rate examination of the fat obtained 
from the thallus and the fructification of 
Alara crassifolia Kjellm (126) showed 
that the former contained only about 
half as much solid fatty acid (23.2%) as 
the latter (51.02%). 

Fucosterol was isolated in pure form 
by Heilbron et al. (49) in 1934, 20 years 
after Willstatter and Page (137) had 
first shown evidence for the existence of 
a sterol in brown algae. The identical 


substance was obtained by Sirahama 
(110) who named it “ pelvesterol ”. 
Carter, Heilbron and Lythgoe (18) 


showed that fucosterol occurs not only 
in Fucus from which it derives its name, 
but in many other species of the Phaeo- 
phyta, and they concluded that it is the 
characteristic sterol of all Phaeophyceae. 
They were unable to detect it in Chloro- 
phyceae, Rhodophyceae (with very few 
exceptions) or Myxophyceae. 
Bromination and perbenzoic acid oxi- 
dation revealed the presence of two 
double bonds in the molecule (49). Fu- 
costerol was easily reduced to fucostanol 
which was shown to be identical with 
stigmastanol by Coffey et al. (22) and 
by Larsen (70). It was, therefore, 
demonstrated conclusively that fuco- 
sterol and stigmasterol are isomers. One 
of the two double bonds of fucosterol 
was shown to be more easily hydro- 
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genated than the other; the resulting 
‘““a”’-dihydro fucosterol proved to be 
identical with “ B -sitosterol, having the 
double bond at the 5,6-position in ring B. 
The corresponding ketone, “a’’-fuco- 
stenone, was found to have a conjugated 
system. “a”-dihydrofucosterol, there- 
fore, resembles cholesterol in having a 
double bond in the 5,6-position, which 
migrates to the 4,5-position when the 
secondary hydroxy! group at the 3-posi- 
tion is oxidized. 

The position of the second double bond 
remained in doubt, although it was gen- 
erally assumed to be in the cyclic portion 
of the molecule. Sobotka’s (112) sug- 
gestion that the second double bond 
might be located in the 11,12-position, 
which would have made this sterol a per- 
fect starting material for the synthesis 
of adrenocortical hormones, led Mae 
Phillamy (78) to reinvestigate the loca- 
tion of the double bond. He 
found that fucosterol yielded acetalde- 
hyde on being ozonized for a much 
shorter period of time than had been 
used by earlier workers (49) who, on 
failing to obtain a volatile product, 
assumed incorrectly that both double 
bonds were located in the nucleus. 

Mac Phillamy deduced that fucosterol 
has the structure shown on p. 185. 

Recent investigations by Hey et al. 
(50) and Bergmann and Klosty (10) 
have substantiated the above formula. 
From the ozonalysis products of fuco- 
sterol these investigators isolated acet- 
aldehyde and 24-ketocholesterol. The 
latter was found to be easily reduced to 
cholesterol. 

To obtain fucosterol, dried powdered 
seaweed is extracted with ethanol. The 
resulting solution is diluted with water 
and then extracted with light petroleum 
ether. This extract is concentrated by 
evaporation and then saponified with 
alcoholic potassium hydroxide at 40° C. 
The solution is cooled, poured into water, 
and the whole extracted with ether. The 
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ether solution is evaporated to dryness, 
and the residue recrystallized from meth- 
anol. Fucosterol is obtained in soft, 
feathery needles, melting at 124° C. Its 
optical rotation is — 41° (in chloroform). 
Since fucosterol could be obtained 
cheaply and plentifully from kelp, it may 
have great potential economic value as a 
starting material for steroid syntheses. 


Pigments 


The most abundant pigments of the 
brown algae, and of all other algal 
classes as well, are chlorophyll a and 
B-carotene. All other pigments except 
fucoxanthin are present only in very 
small quantities. The following chart 
(122-124) summarizes the pigments 
which have so far been found in Phaeo- 
phyta: 

Chlorophyll a 
Chlorophyll ¢ 


Chlorophylls 
Carotenes B-Carotene 
Xanthophylls Violaxanthin 
Flavoxanthin 
Neoxanthin 
Fucoxanthin 
Neofucoxanthin A 
Neofucoxanthin B 
Unnamed 


Phycobilins None 


The above results have been accepted by 
most workers in the field, although there 
has been some controversy about the 
identity of chlorophyll ¢ and the oecur- 


rence of some minor xanthophylls (28, 
47, 48). 

With the exception of fucoxanthin, 
which is responsible for the typical color 
of the brown algae, none of the pigments 
of the Phaeophyta will be discussed here, 
since a comprehensive survey of algal 
pigments was published recently (122). 

Fucoxanthin was discovered by Mil- 
lardet (83) in 1869 and named by Sorby 
(113) in 1873. It was first isolated in 
crystalline form by Willstatter and Page 
(137) who found its empirical formula 
to be CyoH5gO¢. The pigment had ab- 
sorption maxima at 5100, 4770 and 
4450 A, and therefore resembled a-caro- 
tene and luteine. Several derivatives of 
fucoxanthin were prepared. 

The pigment gives a characteristic 
deep blue color with hydrochloric acid 
and is extremely labile towards alcoholic 
alkali which converts it to isofucoxanthin 
(48). The latter is more basic than 
fucoxanthin and gives a blue color even 
with dilute acetic acid. The suscepti- 
bility to alkali sharply differentiates 
fucoxanthin from violaxanthin and flavo- 
xanthin. Of the six oxygen atoms, four 
are in hydroxyl groups (48). It has so 
far not been possible to demonstrate the 
presence of carbonyl groups in this com- 
pound, but this does not necessarily ex- 
clude their presence, since capsorubin, 
which is known to contain such groups, 
also fails to form ketonie derivatives. 
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Karrer et al. (56) showed by means 
of catalytic hydrogenation that fuco- 
xanthin contains ten double bonds. Ab- 
sorption data indicate that these are 
conjugated. 

Heilbron and Phipers (48) observed 
that in dried Fucus vesiculosus fuco- 
xanthin disappears and is replaced by 
zeaxanthin. On the basis of this phe- 
nomenon they postulated that fuco- 
xanthin is a dihydroxy capsorubin with 
an empirical formula of CyoHgoO¢. That 
formula would explain the facile conver- 
sion of this pigment into zeaxanthin; it 
has not yet been substantiated. 

Fucoxanthin is found not only in all 
Phaeophyta but also in Bacillarophyceae 
and Chrysophyceae, possibly pointing to 
a common ancestry for these groups. An 
interesting observation was made by 
Carter et al. (19) who, in studying the 
gametes of various brown algae, found 
that the minute yellow chromoplasts of 
the sperms are entirely pigmented with 
B-carotene, while the ova contain fuco- 
xanthin and chlorophyll. The physio- 
logic significance of this observation is 
not understood. 


Vitamins, Enzymes, Auxins 


Brown algae contain both water-solu- 
ble and fat-soluble vitamins. Vitamins 
A (100, 131), B, (91), C (76, 91, 100), 
D (21, 54), E (21, 131), F (131) and G 
(131) have been reported from different 
species. 

Indeed, as potential sources of vita- 
min B, and of ascorbic acid, several of 
the Phaeophyta compare favorably with 
many fruits and vegetables. For exam- 
ple, the ascorbic acid content of Fucus 
vesiculosus, which may reach 77 mg. 

100 g. wet weight (91), is considerably 
higher than that of lemon juice (31-57 
mg./100). The vitamin C content of 
seaweeds is variable, decreasing with in- 
creasing depth of immersion (91) and 
being subject to considerable seasonal 
variation (76). 
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Vitamins D, E, F and G have been 
reported in seaweeds (21, 54, 131), but 
quantitative data are scarce in the scien- 
tific literature. Much qualitative as well 
as quantitative research is necessary to 
unequivocally establish the status of 
these vitamins in the brown algae. 

The subject of algal enzymes was 
recently reviewed by Blinks (16) and 
will not be discussed here. 

Van der Weij (132) first demonstrated 
the presence of a plant growth-regulating 
substance in marine algae in 1933. Later 
van Overbeek (134) extracted indole 
acetic acid (heteroauxin), or a substance 
closely related to it, from Macrocystis 
pyrifera. The auxin concentration was 
considerably greater in the terminal 
blades than in the stipes of both Macro- 
cystis and Nereocystis. 


Antibacterial Substances 

For many centuries Chinese medical 
practitioners have been using extractives 
derived from brown algae to cure certain 
infectious and deficiency diseases (101). 
However, little scientific evidence con- 
cerning the efficacy of these extracts is 
available. Since the advent of antibiotic 
chemotherapy several marine algae have 
been investigated as potential sources of 
antibacterial agents, and some species 
have yielded extracts that in vitro in- 
hibit growth of bacteria. 

In 1942 Sirahama (110) 
pigment from Cystophyllum Hakoda- 
tense which inhibited the growth of 
Lactobacillus bulgaricus and L. helveti- 
Later McCutcheon et al. (82) 
showed that extracts of Cymathaere 
triplicata inhibit B. subtilis. 

Recently Pratt et al. (99) and Maut- 
ner et al. (79) examined the antibac- 
terial effects of aqueous and ether ex- 
tracts of a large number of marine algae. 
Several of the Phaeophyta investigated, 
notably Egregia Menziesii and Postelsia 
palmaeformis, showed slight activity 
against Staphylococcus aureus (Micro- 
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coccus pyogenes var. aureus), Bacillus 
megatherium, Pseudomonas aeruginosa, 
Escherichia coli and Mycobacterium 
tuberculosis H 37 Rv. The inhibition is 
not due iodine but appears to be 
caused by organic compounds, the nature 
of which has not yet been determined. 
The antibacterial action of extracts of 
the brown algae investigated was sub- 
ject to considerable seasonal variation; 
it was lower than that of the extracts of 
some Rhodophyta, notably Rhodomela 
larix. The activity of the latter seems 
to be caused by the presence of a bromi- 
nated phenolic compound (79). 

Iodine was first isolated from brown 
algae by de Claubry (30) in 1815, only 
a few years after the element had been 
discovered. In spite of the extensive use 
of seaweeds as a commercial source of 
iodie, especially in Western Europe and 
Japan, little is known concerning the 
chemistry, physics and physiology of 
algal iodine accumulation. The litera- 
ture concerning these subjects is very 
extensive, and only selected aspects of it 
will be discussed in this review. 

Many workers have investigated the 
state in which iodine exists within sea- 
weeds (16), and today it is generally 
believed that most of the element is pres- 
ent in the form of iodide (63, 64, 66, 75). 
A small quantity of iodine may be bound 
to alginic acid. A recent study of the 
uptake of radioactive iodine by thalli of 
L. flexricaulis and L. saccharina immersed 
in seawater containing Nal!*! showed 
that iodine was fixed in definite regions 
of the tissue with at least 80% remaining 
in the form of inorganic iodide. Some 
conversion to mono- and di-iodo tyro- 
sine was observed (103a). The dry- 
weight content of iodine in the Lami- 
nariaceae, but not in the Fucaceae, is re- 
ported by Black (12, 13) to be subject 
to seasonal variations. In general the 
iodine content of seaweeds rises with in- 
creasing depth of immersion (14). 

The ability of seaweeds to concentrate 
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iodine is astonishing; some species of 
Laminaria contain as much as 0.1% 
iodine (wet weight), while the iodine con- 
centration of seawater is only 0.000003- 
0.000007%. Whether iodine is essential 
to the growth of brown algae is not 
known. The maximal bromine content 
of the Phaeophyta has been reported to 
be only about one quarter of the maxi- 
mal iodine content (57), even though 
seawater contains two hundred times as 
much bromine as iodine. The antibac- 
terial properties of iodine are too well 
known to be discussed here. 


Miscellaneous Organic Substances 


Fucosan. Fucosah is a brownish 
water-soluble pigment, about the consti- 
tution of which little is known; it is usu- 
ally localized in special fucosan vesicles. 
Fucosan has many properties of the tan- 
nins and is believed to be closely related 
to phloroglucinol (98). It gives a color 
reaction with potassium dichromate but 
is not precipitated by ferric chloride. 

Some workers believe that this com- 
pound is the first product of photosyn- 
thesis in the brown algae (16) The 
literature of fucosan was covered ex- 
haustively by Kylin in 1938 (67); little 
experimental work concerning the struc- 
ture of this compound has been pub- 
lished since then. 

Malic Acid. The brown alga Desma- 
restia is notorious among algal collec- 
tors because of its high acidity which 
discolors any alga that it contacts (111). 
If living plants are injured they turn 
bluish because their own acid reacts with 
their carotenoid pigments. The pH of 
Desmarestia extracts ranges from 1.8 for 
D. viridis (65) to 0.78 for D. latissima 


(136). Its high acidity renders Desma- 
restia unfit for use as animal fodder 
(21). Wirth and Rigg (136) attributed 


the high acidity of these plants to the 
presence of free sulfuric acid, and ob- 
tained a strong sulfate test with barium 
chloride. Kylin (65), on the other hand, 
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succeeded in isolating malic acid and 
minute quantities of citric acid from D. 
viridis, and he believed that enough of 
these acids was present to account for 
the high acidity of the plant. Consider- 
able quantities of calcium sulfate also 
were found. 
Conclusion 


Varied indeed in chemical structure, 
physical properties and physiologic ac- 
tivity are the compounds that have been 
isolated from species of the brown algae. 

The abundant research on the chemi- 
a! constituents of the Phaeophyta has 
resulted in several important advances 
in our knowledge of these products in 
recent years. But one of the major con- 
tributions of this research has been reve- 
lation of the richness of this field for 
new discoveries, and the need for con- 
tinued qualitative and quantitative in- 
vestigations. 

The study of seaweed physiology is a 
fertile, albeit difficult, field. Little 1s 
known about the biosynthetic mecha- 
nisms, the intermediates and the meta- 
bolic pathways involved in the synthesis 
of the compounds found in this group of 
plants. Still less is known about the 
physiological réle or the fate of these 
compounds in the living plants. 

In recent years the interest in sea- 
weeds has become more intense than ever 
before; especially in England where the 
Scottish Seaweed Research Association 


was founded in 1944, in the United 
States, Japan and in Norway. As inter- 
est mounts the number of substances 


extracted commercially from kelp will 
undoubtedly be extended. With the 
world population continually expanding 
and the arable soil of a large area of the 
Earth already being taxed almost to its 
productive limit to supply food and other 
necessities for civilized life, the oceans of 
the world, in a few generations, will un- 
doubtedly become much more important 
sources of raw materials than they are 
today. Among the products of the ocean, 
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seaweeds already contribute significantly 
to our economy as sources of agar, algin, 
‘arrageenin, iodine and many other sub- 
It may confidently be expected 
that with the passing years, seaweeds 
will gain in significance and eventually 
may become an economic factor of the 
greatest importance. 


stances. 
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Cananga and Ylang-Ylang Oils. These 
two essential oils, important in the perfume 
industry, are obtained from two varieties of 
Cananga odorata, the former from macro- 
phylla, the latter from genuina. The Philip- 
pines originally held a monopoly on the 
production of these oils, but today the plan- 
tations in Reunion, Nossi-Bé, the Comoro 
Islands and Madagascar dominate the mar- 
ket. The trees were first introduced to these 
French colonies by a French expedition sent 
out around 1770 with the prime task of col- 
lecting spices. Ylang seeds were obtained 
from Manila, a Dutch possession at that 
time, and introduced to the islands, but not 
until about 1880 was a start made on select- 
ing trees and expanding the plantations. 
The valued oil is obtained from the blossoms 
by steam distillation. 

“The ylang (Anonaceae) is a tree which 
normally grows to between 50 and 65 feet. 
Plucking the flowers at this height, however, 
would prove a practically impossible task, so 
that the crown is usually cut off and the tree 
pruned in such a way that the growth of the 
lower branches only is stimulated. The latter 
are then bent downwards and fastened to the 
ground, creating a strange misformed and 
mutilated impression. Travellers seeing a 
ylang plantation for the first time cannot 
help imagining that they are seeing countless 
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crosses, an optical illusion which is only 
heightened by the fact that the bent branches 
are all interwoven with each other ”. 

“ The ylang flowers the whole year through, 
though in the French colonies fluorescence 
reaches its peak between November and 
March. A tree, depending on its age and the 
soil in which it grows, vields between 5 and 
10 kilogrammes of flowers each year. The 
trees become productive in their second year; 
when they are 4 years old, 5 kilogrammes of 
flowers can be harvested annually, providing 
the soil is adequately fertile. It is not until 
they are 10 years old, however, and given 
that they have been well cared for, that they 
give their maximum yield. When the buds 
first open, the flower is green and velvety; 
two or three weeks later it turns yellow and 
is then ready for plucking. It is at this stage 
that it produces its maximum aroma; when 
the bud first opens, however, it possesses 
only very slight scent or even practically 
none at all”. 

‘Plucking has to be carried on very care- 
fully, preferably as the sun rises, and great 
care taken to ensure that the petals are not 
crushed. Damaged flowers are separated 
from the remainder, as they yield an oil of 

(Anon., 
1953). 


inferior quality on distillation ”. 
Perf. & Ess. Oil Rec. 44(5): 161. 


